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PHARMACOLOGICAL STRATEGY FOR 
HYPERTENSIVE PATIENTS 
IN GENERAL PRACTICE 

STELLING EN 
Aangezien de behandeling van lichee tot matige ongecompliceerde hyper­
tensie tot het takenpakket van de huisarts gerekend mag worden, client 
grootschalig onderzoek betreffende effectiviteit en bijwerkingen van anti­
hypertensiva bij voorkeur binnen het eerste echelon uitgevoerd te wor­
den. 
II 
De opzet van de Groninger Hypertensiedienst is bij uitstek geschikt om 
onderzoek te verrichten naar effectiviteit en bijwerkingen van de hyper­
tensiebehandeling binnen de huisartspraktijk. 
III 
De aandacht bij het vergelijkend onderzoek van verschillende antihyper­
tensiva diem zich thans meer te richten op bijwerkingen die de kwaliteit 
van het !even belnvloeden dan op de effectiviteit. 
IV 
Het is mogelijk dat de geconstateerde afname van klachten gedurende de 
periode dat de hypertensiedienst de hypertensiebehandeling begeleidt, 
mede veroorzaakt wordt door een versterkt gevoel van welbevinden ten 
gevolge van de vriendelijke begeleiding door de doktersassistentes. 
v 
Niet alleen met betrekking tot de medicatie is er een belangrijke rol weg­
gelegd voor arts en apotheker bij de begeleiding van de hypertensiepa­
tient. 
VI 
Het onderdrukken met anti-arhythmica van complexe ventriculaire rit­
mestoornissen, die bij de betrokkene niet tot klachten aanleiding geven 
en waarbij geen hartziekte aantoonbaar is, moet als een kunstfout beoor­
deeld worden. 
N Engl] Med (1985) 312: 193 

VII 
Daar her van grooc belang is dat er duidelijkheid verschafr wordt betref­
fende de vraag of langdurige antistollingsbehandeling na een eersce myo­
cardinfarct nuttig is, verdient het aanbeveling zo spoedig mogelijk de AS­
PECT-studie (Anticoagulants in the Secondary Prevention of Events in 
Coronary Thrombosis) re laten aanvangen. 
VIII 
Bij patienten die lijden aan de ziekte van Parkinson en niec goed reageren 
op levodopa therapie kunnen dietistische maatregelen in sommige geval­
len van nut zijn. 
N EnglJ Med (1975) 292: 181 
IX 
Bij hypertensiepatienten met klinische tekenen van decompensatio cordis 
is het van belang onderzoek re verrichten naar de linker ventrikelfunctie 
omdat de diasrolische functie gestoord kan zijn bij afwezigheid van een 
systolische functiestoornis, hetgeen consequemies heefr voor de therapie. 
N EnglJ Med (1985) 312: 277 
x 
Een verenigd Europa is als democratische gemeenschap gedoemd te mis­
lukken zo Jang zij her recht van veto van individuele lidstaten respecteert. 
XI 
De wetenschappelijke onrwikkeling van industriele kunscharsen diem 
voor universitaire onderzoekinstellingen waar polymeer onderzoek plaats 
vindt, het sein te zijn meer aandacht aan de laagmoleculaire polymeren te 
bested en. 
XII 
Bedrijven, die adverreren met verven op waterbasis als milieu vriendelijke 
verven, hebben borer op hun hoofd. 
XIII 
Als de mens zou weten war hij werkelijk moet doen, kan hij veel achter­
wege laten. 
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1 . 1  Risk factors and cardiovascular diseases.  
The most important cause of death in the Western industrialized 
world is momentarily attributed to cardiovascular diseases . They 
are usually characterised by atherosclerosis. It is generally 
assumed that prevention of atherosclerosis is the most effective 
way to prevent these diseases. The cause of atherosclerosis is 
not completely clear . However , a number of modifiable factors 
appear to enhance atherosclerosis . Epidemiological and other data 
indicate that these factors are associated with an increased risk 
of cardiovascular diseases. The most important indicators of risk 
are hypertension , elevated levels of serum cholesterol and smo­
king of cigarettes. At higher age hypertension is clearly the 
most important of these indicators (Dawber 1980 ; Kannel et al . 
1976 , 1983; Reid et al.  1976) . More than 20 years of prospective 
longitudinal observation of the evolution of hypertension into 
cardiovascular disease , continue to emphasize the importance of 
hypertension as a major contributor to cardiovascular disease 
(Kannel et al . 1981 ) .  Death from coronary disease, being so much 
commoner than that from stroke or other organ damage , is natural­
ly the most frequent fatal outcome of hypertension . Coronary 
events tend to occur about 10 years earlier than cerebrovascular 
events (Kannel et al . 1970) . A reduction in coronary deaths 
therefore appears at first sight to be the largest and most 
logical objective of any strategy of hypertension control . How­
ever , a uniform finding in all controlled studies is that reduc­
tion of pressure is very effective in preventing heart failure, 
retinal damage , renal damage , and stroke , but has a much smaller 
effect on coronary disease. In all these studies very few sub­
jects under 45 were included and it is possible that earlier 
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correction might be more effective , though it might also add to 
the unknown risks of treatment that will manifest themselves 
after 40 or 50 years .  Also , in the majority of leading trials 
drugs have been used that are now of secondary importance and 
there are reasonable hopes that newer drugs,  including beta 
blocking agents , may reduce mortality from coronary disease by 
correcting the continuously elevated blood pressure . 
1 .2 Contributing factors to essential hypertension . 
High blood pressure is a world-wide phenomenon reaching major 
proportions in the middle-aged and elderly . 
The search for the cause of essential hypertension has thus far 
revealed no single major cause, but rather a number of contribu­
ting factors . It is conceivable that blood pressure elevation has 
no single or even a major cause . Genetic susceptibility has been 
demonstrated repeatedly.  A number of host and environmental fac­
tors appear to predispose toward the development of essential 
hypertension , but even taken together , fail to account entirely 
for the high prevalence of hypertension in the general popula­
tion. Weight gain has been consistently shown to raise blood 
pressure (Kannel 1967 ) .  The influence of salt intake in suscepti­
ble persons has been demonstrated in several studies (Joosens 
1973 , Freis 1976 ) .  Recently there are some indications that 
magnesium and especially potassium supplementation of the diet 
show a negative correlation with blood pressure (Stamler et al . 
1984; Kesteloot 1985 ) . Larger amounts of alcohol consumption have 
been noted to be associated with elevated blood pressure (Kannel 
1981 ) .  Cigarette smoking and coffee intake do not play a role 
(Kannel 1980) . Oral contraceptive hypertension has emerged as the 
commonest form of secondary hypertension in women (Laragh et al. 
1 967 , Kaplan 1975 ) . 
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1 .3 When to start treatment and to what extent should blood 
pressure be decreased . 
The World Health organization defines "hypertension" as a blood 
pressure exceeding 160/95 mmHg . It must be remembered that this 
is an arbitrary designation which has no intrinsic validity.  An 
examination of the risk of cardiovascular events in the Framing­
ham cohort reveals no discernible critical value that discri­
minates between normal and abnormal blood pressure levels (Kannel 
et al . 1976) . Risk is observed to rise continuously for each 
increment in pressure throughout the range of blood pressures . 
The concept of the lower the better - provided adequate hemodyna­
mics are maintained - is also supported by the study of the 
Society of Actuaries . However , the Australian trial (Management 
committee 1982) showed that pharmacotherapeutic reduction of 
blood pressure did not lower the risk to the level of an un­
treated subjects with the same pressure. Furthermore , the same 
Australian trial showed that lowering diastolic pressure to 80 
mmHg was no more beneficial than lowering it to 90 mmHg. The lack 
of expected benefit might be due to lack of regression of prior 
damage to heart and/or blood vessels or it might equally well be 
due to adverse effects of treatment . The Australian trial sug­
gests no benefit of treatment for patients in whom the average of 
three diastolic pressures is less than 95 mmHg . The trial ' s  claim 
that patients with a diastolic blood pressure between 95 and 100 
mmHg benefit from treatment is not generally accepted , because it 
should be taken into account that treatment with placebo also 
lowers blood pressure and that risk is not only determined by 
blood pressure, but also by other risk factors such as serum cho­
lesterol and cigarette smoking . If the diastolic blood pressure 
is between 95 and 100 mmHg , it is worthwhile to determine the 
risk score ratio* and to consider to stop smoking or to lower 
serum cholesterol by dietary means, before labeling the patient 
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as hypertensive and submitting him to a life-long treatment with 
drugs.  
* The risk score ratio is  the ratio between the calculated risk 
of a certain person and the risk of a person of the same age and 
sex with-according to standards in the western world-ideal values 
for systolic blood pressure ( 120 mmHg) ,  serum cholesterol 
(5 , 2 mmol/l ) ,  who does not smoke cigarettes , who has no glucose 
intolerance and with no left ventricular hypertrophy with strain 
on the electrocardiogram (May et al. 1978 ) .  
1 .4 The Groningen Hypertension Service and the aim of  the study.  
Since hypertension is  such a common and powerful contributor to 
cardiovascular morbidity and mortality , the Groningen Hyperten­
sion Service (GHS) has , based on the work of Smilde ( 1979 ) , 
developed , as an aid to the general practitioner,  a model for the 
detection and follow-up of hypertensive people with the aid of 
paramedic personnel. This model has been described extensively by 
Schuurman ( 1985 ) . 
The main aim of the GHS was to develop a method by which the 
general practitioner could be supported in the detection and 
treatment of hypertension and that would bother the patient as 
little as possible. This meant that to a certain extent the 
choice of the blood pressure lowering drugs was limited to rather 
conventional agents and also the dates of control were restricted 
: patients who had a diastolic-2 blood pressure (DP) above 90 
mmHg returned for a control visit every month , but once a DP 
smaller than 91 rmnHg having been established , the patient was 
asked to return after three months. Vital complaints were re­
gistered at each visit , but a comprehensive questionnaire concer­
ning side and adverse effects was asked for only every six 
months. Still a number of interesting practical questions could 
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be answered , especially because the GHS was faced with patients 
who , for the largest part, had neither been known to be hyperten­
sive , nor had been under antihypertensive treatment . 
1 .5 The choice of the antihypertensive drugs to be used as first 
steps in the medication schedule . 
Just as in many other countries , it is common practice in The Ne­
therlands to use a stepwise program for treatment of hyperten­
sion . A few years ago diuretics , usually a thiazide , were given 
as first step treatment . In this part of the country the most 
commonly prescribed thiazide is hydrochlorothiazide,  in a dose of 
50 mg o . d .  Thiazides were shown to be effective in lowering blood 
pressure and are generally well tolerated and have the advantage 
of being inexpensive . However ,  they have a number a side effects 
that might attenuate the advantages of lowering blood pressure. 
Hypertension is a risk factor in its own right, and any additio­
nal risk should possibly be avoided . Thiazide diuretics , especial­
ly in high doses , might be harmful , since concomitantly lowered 
potassium possibly induces arrythmias . In the recent MRFIT study 
( 1982) , a large randomized controlled trial in men that aimed at 
assessing primary prevention of fatal coronary heart disease by 
reduction of the major risk factors hypercholesterolemia , hyper­
tension and/or cigarette smoking, there was a reduction in coro­
nary heart disease mortality of 23 .7  percent in hypertensive men 
with normal baseline resting ecg in the special intervention 
group compared with the usual care group . However , a subgroup of 
hypertensive men with abnormal resting ecg at the entry of the 
study showed increased coronary heart disease mortality.  As a 
diuretic was used as step one in the antihypertensive treatment 
one might consider the role of diuretics in this group of pa­
tients as questionable. 
Occasional induction of diabetes by thiazide diuretics has been 
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known since the early 1960 ' s ,  but it is less widely understood 
that impairment of glucose tolerance is not an idiosyncratic 
phenomenon but affects at least one-fifth of those exposed , espe­
cially if given for a longer period of time (Lewis et al . 1976) 
and although one would prescribe thiazides especially in the 
elderly , because of the simplicity of the use and relative free­
dom from symptomatic side-effects , it should also be remembered 
that impairment of glucose tolerance occurs more quickly and more 
universally in the elderly (Amery et al . 1978 ) .  Other studies 
(Ames et al. 1976 , Schnaper et al. 1977) have shown a rise in 
total serum cholesterol in hypertensive patients treated with 
thiazides . Occasionally gout might be induced by thiazide therapy 
as the result of increased serum uric acid .  
During the last decade, beta-blocking drugs have become increa­
singly popular in the treatment of hypertension and at the moment 
these drugs compete with diuretics as first medication step,  
provided contra indications such as severe bronchial asthma , 
heart failure , heart block greater than first-degree , and un­
stable insulin-dependent diabetes are absent . 
The Joint National Committee on Detection, Evaluation and Treat­
ment of High Blood Pressure ( 1984) advises diuretics or beta­
blockers as first step in the treatment of hypertension . Diure­
tics are suggested in patients of more than 50 years of age .  
Since they may induce fluid retention and tachycardia , vasodila­
tors are not recommended as agents of first choice. Beta-blockers 
do not induce diabetes , do not increase total serum cholesterol 
and uric acid or lower serum potassium levels . The Medical Re­
search Council trial on mild to moderate hypertension compared 
bendroflumethiazide and propranolol as first step treatment.  
Though final results are not presented until now, it  was shown 
that after two years treatment with this diuretic 22 , 6  per cent 
of the men had sexual dysfunction in comparison to 13 , 2  per cent 
on propranolol treatment and 10 , l  per cent on placebo . Beta-
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blockers without partial agonistic activity reduce cardiac output 
and initially increase total peripheral resistance, thus worse­
ning a condition already present in hypertensives .  They have 
proven their effectiveness in lowering blood pressure and are 
well tolerated in general (Chapter 2) . Neither of beta-blockers 
nor of diuretics the mode of action is fully understood . 
Various beta-blocking drugs show evidence of a cardioprotective 
effect in terms of reducing mortality after myocardial infarction 
or re-infarction (Berglund 1978, Stewart 1979, BHAT-study 1981 , 
1 982 ) ,  and this might make the beta blockers drugs of fir�t 
choice in the treatment of hypertension . 
Alternative drugs such as reserpine , �-methyldopa and clonidine 
are less suitable for massive use in uncomplicated mild to moderate 
hypertension as first choice, because of the high incidence of 
poorly tolerated side effects . The first drug is notorious source 
of depression ; �-methyldopa and clonidine , both being central-
ly active agents , cause drowsiness in a high percentage of pa­
tients. Other promising compounds ( ��blocking agents, conver­
ting enzyme inhibitors and calcium antagonists) are certainly 
worthwhile considering;  at present their position as first-step 
drugs is investigational . 
1 . 6 Introduction to the chapters II through VI. 
Many beta-blockers with different properties are available nowa­
days. Chapter 2 deals with these properties and explains why 
atenolol was the beta-blocker of choice of the GHS . 
Chapter 3 compares effectiveness and side-effects of hydrochloro­
thiazide (50 mg o. d . )  and atenolol ( 100 mg o. d . )  as initial 
treatment in uncomplicated mild to moderate hypertension and 
discusses why the GHS changed its policy and made atenolol in­
stead of hydrochlorothiazide the drug of first choice. 
Until recently it was common practice to start atenolol treatment 
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with a daily dose of 100 mg . This was based on the work of 
Gostick et al. ( 1977 ) , Marshall et al. ( 1977) and Zacharias et 
al. ( 1977 ) .  However , Jeffers et al . ( 1977 ) , Scott et al . ( 1982) 
and Ishizaki et al . ( 1983) reported SO mg atenolol to be as 
effective as 100 mg • That is why we compared , as described in 
chapter 4 ,  both doses of atenolol as initial treatment in uncom­
plicated mild to moderate hypertension . The result of this study 
was that in the medication scheme used by the GHS the initial 
daily dose of atenolol was changed from 100 mg to SO mg . 
Since atenolol is hardly metabolized and excreted almost comple­
tely unchanged in the urine , one might expect a correlation 
between the atenolol serum levels and the antihypertensive ef­
fect. Chapter S shows that this effect could not be demonstrated . 
A more close relationship was observed between serum concentra­
tion and heart rate and this study proved that an absent fall in 
heart rate ( in those patients whose initial heart rate was 70 
beats/minute or more ) could be associated with no significant 
serum levels , indicating that simply taking the pulse may be a 
useful tool for controlling atenolol intake . 
All beta-blockers lower blood pressure to approximately the same 
extent . Nevertheless a choice has to be made since in the opera­
tional setting of the GHS it would be very troublesome to use 
several beta-blocking agents at the same time . In chapter 2 the 
choice of the beta-blocker has been discussed . This does not mean 
that other beta-blockers would be unacceptable to the GHS . On the 
contrary , when the GHS performed a screening program in Delfzijl , 
a city in the north-east of the Netherlands with about 2S ,OOO 
inhabitants , the general practitioners and the internists from 
the local hospital expressed their wish to continue the use of 
the beta-blocker they were familiar with : metoprolol , another 
cardioselective agent , more lipophilic than atenolol and with a 
shorter half-life ( table 1 ,  chapter 2) . This also created the 
opportunity to make a comparison between the effectiveness and 
19 
side-effects of 50 mg and 100 mg atenolol on the one hand and 10 
mg metoprolol on the other. In chapter 6 the metoprolol trial is 
described ,  including a comparison , in non-responders to a two 
month treatment with 100 mg metoprolol o. d . ,  between 200 mg 
metoprolol (Durules) and the fixed combination of 100 mg meto­
prolol and 12 ,5  mg hydrochlorothiazide, both regimens given once 
daily. 
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CHAPTER II 
THE CHOICE OF THE BETA-BLOCKING DRUG 
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The mode of action of beta-blocking agents is not precisely 
known . Various hypotheses have been put forward : 
1 .  Decrease of cardiac output . 
This is certainly what happens in beta-blockers without partial 
agonistic activity , but it is difficult to explain why this 
effect occurs instantly after i . v .  injection , whereas lowering of 
the blood pressure develops much more gradually . It also does not 
explain why some patients show a decrease in cardiac output but 
not a decrease in blood pressure. Furthermore , the influence of 
beta-receptor blocking agents on diastolic pressure is difficult 
to explain in terms of decreased cardiac output . 
2 .  Modulation of adrenergic stimulation of renin release . 
This mechanism may play a role in the so-called high-renin 
hypertensives , but patients with hypertension and low renin 
levels react equally well on beta-blockers. Moreover , beta­
blockers with strong partial agonist activity ,  such as pindolol , 
do not lower plasma renin activity , but are effective re­
ducers of blood pressure . 
3 .  Effect on the central nervous system . 
Intraventricular injection of 1-propranolol in rabbits causes a 
prolonged reduction of mean arterial pressure , whereas d-propra­
nolol in equimolar dosages is ineffective in that respect 
(Myers , 1975) . Nevertheless , it has been shown that highly wa­
ter-soluble drugs such as atenolol , that hardly penetrate the 
blood-brain barrier , are equally effective in their blood pres­
sure lowering effect as lipid-soluble compounds that certainly 
will reach the central nervous system. 
On the other hand it is conceivable that very low concentrations 
are needed indeed , since the beta-receptor mediated response is 
initiated at the outside of the cell membrane ; no penetration 
of the neuronal cell mass is needed or even desired (Turner , 
1983) .Thus the possiblity of central effects is still a matter 
of debate.  
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4 .  Resetting of baroceptor reflexes . 
The gradual onset of decrease in peripheral vascular resistance 
requires a mechanism as resetting of baroceptors. This however 
does not explain the underlying cause : why do beta-receptor 
blocking agents act in such a way ? Besides , most authors des­
cribe that after chronic use of most beta-blockers total periphe­
ral resistance will return to pretreatment levels and not to 
lower values. 
S. A slightly different hypothesis is that , since it is known 
that presynaptic beta-receptor stimulation of the peripheral 
nerve endings will cause norepinephrine efflux from these nerve 
endings and thus a rise in blood pressure , beta-blockers will 
inhibit such a presynaptic effect and thus manipulate the "natu­
ral" cause of hypertensive reactions to stress , for instance 
(Adler-Graschinsky 1975 ; Man in ' t  Veld et al . 1982) . 
6 .  Reduction of total peripheral resistance. 
The central hemodynamic disturbance in most hypertensive patients 
considered to need drug treatment is an increased total periphe­
ral resistance (TPR ) .  Different types of beta-blockers give dif­
ferent hemodynamic responses during the rest situation , but the 
responses during muscular exercise are largely the same , especi­
ally during chronic treatment . Beta-blockers without partial 
agonist activity (p .a .a . ) usually give a raised TPR as well at 
rest as during exercise . However beta-blockers with strong p .a .a. 
give a slightly reduced TPR (compared to pretreatment levels) as 
well at rest as during exercise (Lund-Johansen , 1983 ; Man in ' t  
Veld , 1983) . 
Whatever the underlying mechanism of the effectiveness of beta­
blockers , the antihypertensive action of various beta-blocking 
agents is approximately the same (Morgan et al . ,  1974 ; Louis et 
al . ,  1979 ) . 
Beta-adrenoceptor blocking drugs can be used in all grades of 
hypertension , essential and renal : they all lower the blood 
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pressure (Prichard , 1982) . 
Nevertheless a choice has to be made and thus it is worthwhile 
to compare and evaluate the properties of the different beta­
blockers . Table 1 shows the beta-blockers commonly in use and 
their properties , 
Membrane stabilizing activity (quinidine like effect ,  local 
anesthetic activity)  is of no value in the dosages that are used 
with beta-blocking drugs to reduce blood pressure , On theoretical 
grounds it has been postulated that drugs that possess partial 
agonist activity, also called intrinsic sympathomimetic activity 
(ISA) , are less likely to to induce cardiac insufficiency ,  since 
they will diminish the force of contraction of the heart muscle 
to a lesser extent (Choquet , 1972) .However Gibson ( 1977) has 
shown in a literature survey that the greater the drop in heart 
rate, whether due to a larger dose of the drug or to a higher 
initial heart rate,  the greater the reduction in cardiac output , 
This is not modified in non selective drugs by p . a . a ,  The hemody­
namic effects of oxprenolol ( p . a . a . )  and propranolol (no p . a . a . ) 
were not shown to differ significantly in hypertensive patients 
with respect to heart rate, blood pressure, cardiac output , 
stroke volume and systemic vascular resistance (Franciosa 1980) , 
Drugs with p . a .a,  produce less reduction in resting heart-rate, 
but the evidence that they reduce cardiac output less at compa­
rable levels of beta-blockade is not convincing . Beta-blockers 
with strong partial agonist activity such as pindolol may pro­
tect the organism against the effects of an undesirable low sym­
pathetic drive, During bedrest for instance, cardiac output may 
become unacceptably low during beta-blockade without p . a . a . , 
with for instance impaired peripheral circulation as a result,  
On the other hand one might expect that hype�tension is  less well 
controlled during the nightly hours if a beta-blocker with strong 
p . a . a ,  is used (Floras , 1 983) , It is not to be expected that p . a . 
a ,  is of clinical signifiance in situations where sympathetic 
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drive is maximal , for instance during an asthmatic attack . 
Therefore, even beta-blockers with strong p .a .a .  should not be 
prescribed in patients with obstructive airway disease , since 
they might prevent the bronchodilator effects of �2 -agonists 
(Christenson , 1976 ) . So , there is no good evidence that drugs 
with p . a .a .  are better than cardioselective drugs in lowering 
blood pressure . 
Cardioselectivity is a dose-related phenomenon , tending to dis­
appear at higher doses (Lertora , 1975) . 
The upper limits of cardioselective dosage for atenolol and me­
toprolol are not known . Although Harms ( 1977) showed in vitro 
atenolol ten times more �i-selective than metoprolol, LHfdahl 
( 1981) found no difference in cardioselectivity between 100 mg 
atenolol and 100 mg metoprolol . 
Cardioselective drugs are advantageous in bronchial asthma or 
obstructive airways disease , because they are expected to cause 
fewer respiratory side effects. Generally this is the case, but 
in individual patients they might cause reduction in ventilatory 
functions (Chang , 1971 ) .  
Several studies have indicated that even cardioselective drugs 
can precipitate asthmatic attacks (Formgren , 1976) . 
Patients with reversible airway obstruction , who require beta­
blockade , should be given a low dose of a cardioselective agent , 
in conjunction with , if required , a �2 -stimulant .  Such a treat­
ment will be less likely to cause troublesome increase in airway 
resistance and the bronchodilator action of the beta stimulant 
will be almost fully preserved (Ellis , 1 981 ) .  Still , in any 
individual patient with asthma or with heart failure , even the 
beta-adrenoceptor antagonist with the most favourable profile may 
cause serious adverse effects . In such patients calcium antago­
nists or converting enzyme inhibitors are preferred as antihyper­
tensi ve agents . 
Cardioselective drugs would not produce inhibition of peripheral 
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�2 -adrenoceptors in the vasculature which mediate vasodilation . 
These receptors are not under neural control , but respond to 
circulating adrenaline . After acute administration all beta anta­
gonists will cause elevated peripheral resistance due to in­
creased sympathetic vasoconstriction in response to reduced car­
diac output.  
During stress from strenuous exercise or  hypoglycaemia , diasto­
lic blood pressure rises during non-selective blockade,  due to 
unopposed alpha effect from the circulatory adrenaline , whereas 
with cardioselective antagonists , the diastolic blood pressure is 
either unchanged or falls because the preserved beta vasodila­
tor response balances the alpha effect (Davidson , 1976 ) .  
The use of a cardioselective drug has advantages in diabetics 
it not only will cause less interference with glycolysis , but it 
also will less likely mask the clinical symptoms of hypoglycae­
mia (Koch , 1981 ) .  The rate of rise of blood glucose levels to­
wards normal after insulin-induced hypoglycaemia is decreased by 
the administration of propranolol , but either not at all or to a 
much lesser extent by the cardioselective drugs atenolol and me­
toprolol (Davidson , 1976; Deacon , 1976) . Although altogether the 
advantages of a cardioselective drug are not overwhelming , one 
can certainly state that there are in general slightly better 
reasons for choosing a cardioselective drug than a non-selective 
one . 
Plasma protein binding is of no clinical significance in the 
choice of a beta-blocking drug since with most beta-blockers a 
correlation has been shown between beta-adrenoceptor blockade and 
total plasma drug concentration (McDevitt , 1979 ) . 
Inspite of a good absorption the biological availability might be 
low as a result of the "first-pass" effect . The more lipid-solu­
ble drugs are subject to this effect , producing short elimination 
half-lives and a large volume of distribution. These drugs show 
wide interpatient variability in plasma drug concentrations at 
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steady state on a fixed dose . As a consequence the doses of these 
drugs have to be adjusted in the individual patient . 
Drugs having lower lipid solubility and predominantly renal clea­
rance may have longer half-lives and show less interpatient va­
riation at steady state, resulting in longer dosage intervals 
and more predictable clinical response at fixed doses . In case of 
renal failure the doses of these drugs have to be adjusted . 
The more lipid soluble drugs also gain easier access to the c . n. 
s . ,  producing side effects of the c . n . s .  to a greater extent 
(Fraser and Carr , 1976; Henningsen and Mattiasson, 1979; Neil­
Dwyer et al . ,  1981 ) .  
Favourable pharmacokinetic charateristics might include a low 
variability in the plasma concentration achieved by a given dose 
and a long elimination half-life to allow infrequent dosing in­
tervals.  This means in general a low lipid solubility (in Table 1 
indicated py a low N-octanol water distribution ratio) and predo­
minantly renal clearance. It is concluded that in general any 
beta-blocking drug lowers blood pressure to the same extent and 
that side effects and pharmacokinectic properties determine 
which beta-blocker should be chosen . Bearing this in mind ateno­
lol was the beta-blocking drug of choice in the studies described 
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Comparison of Hydrochlorothiazide and Atenolol as Initial 
Treatment in Uncomplicated Hypertension . 
E .  van der Veur1 , B . S .  ten Berge 2 ,  A.J.M.  Donker2 , J.F.  May 2 ,  
F .H .  Schuurman 1 , and H .  Wesseling 3 .  
General Practitioner Laboratory1  and Departments of Internal 
Medicine 2 and Clinical Pharmacology3  , Working Group for 
Hypertension , University Hospital , Groningen , The Netherlands.  
Summary . After screening a local population in the northern part 
of The Netherlands for hypertension , 119 patients with a diasto­
lic pressure (DP) between 95 and 120 mmHg were randomised and 
treated either with 50 mg hydrochlorothiazide (n=59) or 100 mg 
atenolol ( n=60) . After 1 month of treatment 6 patients in the 
hydrochlorothiazide group and 24 patients in the atenolol group 
had reached a DP � 90 mmHg ( p < 0. 001 )  • 43 of the 50 non-
res ponders to hydrochlorothiazide were switched to atenolol and 
30 of the 35 non-responders to atenolol were changed to hydro­
chlorothiazide . One month after the switch 19 patients in the 
atenolol group and 2 patients in the hydrochlorothiazide group 
had reached a DP � 90 mmHg ( p  < 0.001 ) .  After 6 months of 
treatment 32 of the 43 atenolol responders and 7 of the 8 hydro­
chlorothiazide responders were still receiving the same medica­
tion , as their DP was still � 90 mmHg . Non-responders to either 
medication were given the combination (n=46) . 21 patients now 
became normotensive as did a further 10 after increasing the dose 
of atenolol to 200 mg . Thus , in all 70 patients had a blood 
pressure � 90 mmHg after treatment for 4 months. Both drugs 
induced a significant reduction in the total of number of com­
plaints after 1 month of treatment. They did not differ from each 
other . The reduction was seen both in responders and non-respon­
ders and persisted during treatment for 6 months. It is concluded 
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that in terms of short-term efficacy the cardioselective , hydro­
philic beta adrenoceptor-blocking drug atenolol is preferable to 
hydrochlorothiazide in the treatment of uncomplicated hyperten­
sion. 
Key words : hypertension , hydrochlorothiazide , atenolol ; side 
effects ,  therapeutic efficacy .  
There is no general agreement whether uncomplicated mild to 
moderate hypertension should be treated initially with a diuretic 
or a beta-blocker . 
Diuretics have been used for a long period of time , they are of 
proven efficacy and are generally well-tolerated . In the past 
decade , beta adrenoceptor-blocking agents have been introduced 
for treatment of this condition . Irrespective of their additional 
properties ( intrinsic sympathomimetic activity and cardioselecti­
vity ) , they have all been shown to be effective in the treatment 
of uncomplicated , mild to moderate hypertension(Prichard 1980) . 
Whether diuretics or beta-blocking drugs should be pref erred as 
initial treatment is still a matter of debate.  The present trial 
was a comparison of hydrochlorothiazide and the beta-blocker 
atenolol , chosen because it is cardioselective , hardly penetrates 
into CSF and has a long half-life. The short-term efficacy in 
lowering blood pressure of both compounds was compared with their 
adverse effects .  
Patients and Methods 
In 1981 the Groningen Hypertension Service (GHS ) performed a 
screening programme in the Marne area in the north of the pro­
vince of Groningen . Approximately 3100 people ( 1600 men and 1500 
women) ,  between 25 and 60 years of age were investigated . The 
attendance rate of the summoned population was 66 % .  
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Initial blood pressure readings were taken by specially trained 
para-medics using an auto-sphygmomanometer , Type SK 2003 . Blood 
pressure was measured between 7 and 10 p.m.  The diastolic pres­
sure (DP) was taken at complete disappearance of the Korotkoff 
sound ,  with the patient in the sitting position , If a DP � 95 
mmHg was found , the measurement was repeated by a physician after 
a rest of 15 minutes in the sitting position. If a DP � 95 mmHg 
were again found , the patient was asked to return after a further 
week. If at the third measurement a DP � 95 mmHg was establi­
shed , an appointment with the general practitioner was made 
within 2 weeks, If the DP was still � 95 mmHg (4th measurement ) , 
the patient was physically examined and was sent to the Hyperten­
sion Service for antihypertensive treatment .  Patients whose DP 
was higher than 120 mmHg were excluded and were advised to see an 
internist . 
If a DP �· 95 mmHg was measured on the first visit to the GHS 
(5th measurement ) , the patient was randomly allocated to non­
blind treatment with either 50 mg hydrochlorothiazide (HCT) or 
100 mg atenolol , provided that no exclusion criteria were pre­
sent , The latter criteria were -serious cardiac impairment (pump 
failure, recent infarction) , systemic diseases such as asthma , 
diabetes requiring drug therapy ,  impaired liver and renal func­
tions , and pregnancy.  
It is  considered that biological variability should play a less 
important role in influencing the response to atenolol as com­
pared for instance to propranolol . For convenience, therefore , 
which is a very important consideration in this particular type 
of study , it was decided to employ a standard dose of atenolol. 
Marshall et al, ( 1977) found no difference in the effect on 
resting blood pressure of doses of 100 , 200 and 400 mg daily , nor 
did Zacharias et al,  ( 1977) using 100 ,  200, and 600 mg daily . No 
siginif icant difference was found between one and two doses a day 
(Harris et al . 1976; Marshall et al, 1977 ; Upton et al . 1977 ) .  
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Accordingly , the single dose of atenolol 100 mg/day was selected 
for the present study . 
Degnbol ( 1 973) , Berglund ( 1976) and Beermann ( 1977 , 1978) found 
that the low doses of 12 .5  and 25 mg hydrochlorothiazide (HCT) 
were effective ; very small gains in blood pressure reduction were 
obtained by increasing these doses , even up to 450 mg (Mc Leod 
1970) . Since 50 mg HCT is most commonly used by general practi­
tioners in our area that dose was employed . 
After 1 month , responders to treatment (DP � 90 mmHg) continued 
their medication ; subsequent examinations were done at 3 month 
intervals . Non-responders (DP still > 90 mmHg) on atenolol or 
HCT were switched to HCT or atenolol respectively , and the blood 
pressure measurement was repeated after 1 month . 
If satisfactory blood pressure control had been achieved (DP � 
90 mmHg ) , the patient was considered a responder ; if not , the 
alternative medication was added . Thus , at that stage,  these 
patients were receiving the combination of HCT 50 mg and atenolol 
100 mg . The next step was to increase the dose of atenolol to 200 
mg (Table 1 ) .  Subsequent steps in non-responders are beyond the 
scope of this report.  
All measurements after the fourth examination were made by para­
medics. Routine blood chemistry was done at 6 month intervals. At 
every visit a questionnaire concerning important complaints was 
completed and so was a comprehensive list of questions about 
adverse and side-effects every 6 months. 
Differences were tested using Student ' s  t-test unless reported 
otherwise . A diference was considered to be significant if p two 
tailed was =S O.OS. 
Results 
163 patients (5 .3  %)  had a DP between 95 and 120 mmHg at the 4th 
measurement ;  in 11 of these patients blood pressure was < 95 
41 
Tabl e  1 .  Medication schedule 
Hydrochlorothiazide SO mg Atenolol 100 mg 
! 
Ate nolol 1 00 Hydrochlorothiazide SO mg 
Atenolol 100 mg + Hydrochlorothiazide SO mg 
! 
Atenolol 200 mg + Hydrochlorothiazide SO mg 
! 
Non-re sponders switched to secondary treatment 
Tabl e  2. Mean (± SD) initial blood pressures of the patients .  
Medication Age Mal e s  Females Mean DP 
before treatment 
( nunHg) 
Hydrochl oro- 47 . 4  ± 9 . 7  26 30 1 04 . 0  ± 7 . 7  
thiazide 
SO mg 
n = S6 
Atenolol 46 . 6  ± 8 . 9  30 29 lOS . O  ± 6 . 8  
1 00  mg 
n = S9 n . s .  
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mmHg and in one > 120 nnnHg at the 5th examination . 31 patients 
were not included in the study since they were already on anti­
hypertensi ve drugs ;  one patient was excluded by mistake . 
119 patients whose DP varied between 95 and 120 mmHg (mean DP 
104 . 5  ± 7 . 2  mmHg) after 5 measurements were randomised into 2 
groups and were treated either with 50 mg hydrochlorothiazide 
( n=59) or 100 mg atenolol ( n=60) , always prescribed by their 
general practitioner . The mean initial blood pressure in both 
groups did not differ significantly nor did the main characteris­
tics of the participants (Table 2 ) . Within the first month of 
treatment , 1 patient on HCT left the study because of persisting 
chest pain and 3 others because of poor compliance ( 1  on ateno­
lol , 2 on HCT) , 
After 1 month of treatment the DP had fallen to 98 .5  ± 6 . 6  nnnHg 
in the HCT group and to 94. 1  ± 7 . 5  mmHg in the atenolol group. 
The difference in blood pressure reduction between the 2 groups 
was significant ( p  < 0 .001 ) ,  and so was the difference in the 
number of responders to the 2 drugs ( x2 -test , p < 0 .001 ) .  24 
patients (41  %) responded well to atenolol in contrast to 6 ( 1 1 
%) to HCT (Table 3) . If responders had been defined as patients 
who reached a DP of 95 mmHg or lower these numbers would have 
been 58 % and 34 %, respectively , Responders did not differ from 
non-responders as far as age and sex were concerned , but the 
initial DP of the HCT-responders was significantly lower ( 98 . 3  ± 
2 .0  mmHg ; p < 0.02) from that of the atenolol responders ( 104 ,0  
± 5.7  mmHg) , The concomitant fall in  DP was 9 . 3  vs  16 .7  mmHg ( ta­
ble 5) . 43 of the 50 non-responders to HCT were switched to ate­
nolol and 30 of the 35 non-responders to atenolol were changed 
to HCT. 
7 non-responders to HCT did not change to atenolol because of 
non-compliance (4 )  or refusal for non-medical reasons (3 ) . 4 non­
responders to atenolol did not switch to HCT because they prefer­
red to take the combination of the drugs , and 1 patient stopped 
43 
Table 3 .  Responses to both medications after 1 month (mean ± SD) 
Medication Mean DP Mean DP {\ DP Responders 
before after ( DP "' 90) 
treatment 1 month 
(mmHg) (mmHg) (mmHg) 
Hydrochloro- 1 04 . 0  ± 7 . 7  98 . S  ± 6 . 6  - s . s  ± S . 9  6 ( 1 1  %) 
thiazide 
SO mg 
n = S6 
Atenolol lOS . O  ± 6 . 8  94 . 1  ± 7 . S  - 1 0 . 9  ± 8 . 0  24 (41 %) 
100 mg 
n = S9 n . s .  p < 0.01  p < 0 . 001 p < 0 . 001  
Table 4 .  Responses to each treatment after the change (mean ± SD) 
Mean DP + SD 
change 
( mmHg) 
97.0 ± S . 3  
100 . 0  ± 6 . 4  




n e 30 
Atenolol 
100 mg 
n = 43 
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Mean DP 1 month ['. DP Responders 
after switch ( DP "' 90) 
( mmHg) ( mmHg) 
97 . 9  ± S . 7  + 0 . 9  ± 6 . 0  2 ( 7  % )  
9 1 . 2  ± 8 . 6  - 8 . 8  ± 7 . S  19- (44 % )  
p < 0 . 001 p < 0 . 001 p < 0 . 001 
soon after the change because he did not feel well on HCT (dizzi­
ness ) . 
At the end of the first 2 months , 8 patients in all had responded 
well to HCT and 43 to atenolol . After 2 months approximately half 
of the patients had responded well to any of the treatments ; ate­
nolol was much more successful than HCT ( x2 -test , p < 0 . 001 ) .  
In the 43 non-responders who were switched to atenolol , 6 DP was 
- 8.8  ± 7 . 5  mmHg , and 19 individuals had a DP :!S 90 mmHg (Table 
4) . This differed significantly both from 6 DP (+ 0.9  ± 6.0  
mmHg) and the number of responders ( 2) in  the 30  patients who 
switched to HCT (x2-test ,  p < � , 001 ) .  After 6 months 7 of the 8 
HCT responders and 32 of the 43 atenolol-responders , including 
all "secondary responders" , still had a DP < 90 mmHg . 
Of the 52 non-responders on either medication, 5 patients were 
dropped from the study for non-medical reasons and 1 (a HCT-user) 
developed hypokalaemia . 
The remaining 46 patients who subsequently received the combina­
tion of atenolol and HCT (Table 1 ) ,  had a mean 6 DP of 
- 6 . 2  ± 6 . 9  mmHg after 1 month , irrespective of whether atenolol 
( n=22) or HCT (n=24) had been added . This was reflected in the 
number of responders 1 1  after addition of atenolol and 10 after 
addition of HCT. Thus , using the combination , 21 out of 46 ini­
tial non-responders (46 %) now reacted satisfactorily . Of the 
remaining 25 patients , a further 10 (40 %) became normotensive 
after 1 month of daily treatment with 200 mg atenolol and SO mg 
HCT. If all 1 19 patients who were initially included in the study 
are considered , it can be concluded that after 4 months of treat­
ment by the GHS 59 % had had their blood pressure reduced below 
90 mmHg . 
23 patients ( 19 %) left the study for various reasons . Important 
complaints at the first visit to the GHS and after 1 month of 
treatment with either HCT or atenolol are listed in Table 6 .  
Neither before nor after 1 month treatment did the number of 
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Table 5. Mean (± SD) DP of responders before and after the 
change in treatment 
Medication 
Hydrochlorothiazide 
n = 6 
Atenolol 
n • 24 





98. 3  ± 2 .0 
104 . 0  ± S . 7  
p < 0 . 02 
of patients 
1 month of treatment 
Mean DP 
after I month 
treatment 
(mmHg} (mmHg) 
89 .0 ± 1 .0 - 9 . 3  
87 . 3  ± 3 . 3  - 1 6 .  7 
with important complaints before and 
Complaints Hydrochlorothiazide 6. Atenolol 
(n = 56) (n • 59) 
before after before after 
treatment I month treatment I month 
Chest pain 4 - 3 8 4 
Dyspnoea 2 + I 0 2 
Fainting 2 0 - 2 0 0 
Vomiting 0 0 0 
Throbbing 6 2 - 4 9 3 
headache 
Nightmares 0 - I 0 










Table 7 .  Number of important complaints per patient before and after 










(n = 56) 
before after 





p < 0 . 05 
Atenolol 
( n = 59) 
before after 






0 .05 < p < 0 . 10 
Mann-Whitney U-test 
Table 9 .  Number of complaints per patient in comprehensive 














(n = 7) 





1 6  9 
p > 0.05 
47 
Atenolol 
(n = 32) 
before after 6 m 
treatment treatment 








p < 0 . 05 
Mann-Whit-
ney U-test 
Table 8 Canpla:ints recorded in canprerensive questioruiaire of respooders 
after 6 !IDfl.ths of treatnEnt 
Cniplaints !CI' responders !CI' responders after Atenolol responders Atenolol responders 
before treabrent treat:Jrent for 6 m before treabrent after treat:Jrent for 6 m 
(n � 7) (n = 7) (n z 32) (n = 32) 
Dizziness 3 2 -1 10 4 
Oi:zziness on s� - 5 I 
Fainting 1 
Sleepiness 1 -I 2 2 
Headache 2 -2 8 4 
Reduced nus::le P"'"'I" 2 1 -1 1 I 
Tremr 2 +2 2 
Cold extram.ties 1 9 5 
S..ollen ankles 3 2 
Tender joints 3 3 
filurred vision 3 3 
Dry eyes 1 
Disturbed colour 
perception 
Nastl �estion -1 4 4 
I:epression 5 2 
Nightnares 2 
G:lncentration I 2 





defaecation 1 -1 2 I 
Diarrhoea I -I 2 2 
Palpitations 2 -2 2 
llysi:ooea 3 2 
Xantl"BJE 2 +l 3 2 
Total 16 9 -7 77 43 



















complaints per patient differ significantly between the two 
treatments; the reduction in the number of complaints per patient 
was 0 . 16  for HCT (p < 0.05)  and 0 . 1 7  for atenolol (0. 10 > p > 
o.os ;  Table 7 ) . 
Responses to the comprehensive questionnaire before and after a 
treatment for 6 months for those patients who did well and were 
maintained on their initial medication are presented in Table 8 .  
Although the small number of  successful HGT-treatments meant that 
no significant change could be demonstrated in this category , the 
decrease in the number of complaints per patient is of the same 
magnitude as in the atenolol group, and the latter was signifi­
cant at the 0.05 level (Table 9) . 
If responders after 6 months either on HCT or atenolol are taken 
together , and the pattern and total number of their complaints 
are compared with those of non-responders , no significant diffe­
rence is apparent. The incidence of adverse reactions to both 
medications appeared to be low. 
Discussion 
The role of diuretics and beta-adrenoceptor blocking drugs in the 
treatment of hypertension is well established , even though the 
mechanism of their antihypertensive action is not completely 
understood . 
The antihypertensive action of various beta-blockers is 
approximately the same (Morgan et al. 1974; Louis et al . 1 979 ) .  
Their effectiveness varies around SO % ,  depending on the 
population of patients, the reduction in blood pressure to be 
achieved , the dose of the drug , and the severity of the 
hypertension {Neuvonen 1978 ; Lederballe Pedersen 1979; Henning et 
al. 1980) . Similarly , the various thiazide-like diuretics hardly 
differ from each other in their antihypertensive efficacy 
(Degnbol 1973 ) .  Although Fagard ( 1977) and de Plaen ( 1981 )  found 
beta-blocking drugs to be more effective than diuretics ,  in 
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general their antihypertensive efficacy is considered to be of 
the same magnitude (Muckadell and Gyntelberg 1973 ; Angervall 
1974 ; Galloway et al . 1974 ; Lederballe Pedersen 1978 ; Nadeau et 
al. 1980) . 
The present study has shown that in the treatment of 
uncomplicated hypertension 100 mg atenolol was much more 
effective than SO mg hydrochlorothiazide in terms of the rate of 
decrease of blood pressure. This is in agreement with the slower 
onset of the fall in blood pressure achieved by a thiazide 
(bendrofluazide) than by a beta-blocker ( practolol) as observed 
by Galloway ( 1974) . Lederballe Pedersen ( 1976) , in a study of 
metroprolol and HCT , showed a further fall in DP in HCT-treated 
patients of 4 mmHg supine and 6 mmHg standing after 3 months of 
treatment in comparison with the fall in DP achieved after 1 
month . This was not seen in metoprolol-treated patients .  Thus, in 
our study Her might also have done better after a longer period 
of time . It must also be emphasized that the few patients who 
initially reacted favourably to Her maintained their lower DP 
very well when compared to atenolol users . 
After 6 months , however , atenolol appeared more efficacious , as 
shown not only by a larger fall in blood pressure , but also in 
the number of responders . Her responders had a significantly 
lower initial mean DP than did the atenolol responders.  The 
observation that only 2 of the 30 non-responders to atenolol 
responded well to hydrochlorothiazide indicates that it is hardly 
worthwhile to switch atenolol non-responders to 
hydrochlorothiazide . On the other hand , 19 of the 43 non­
responders to hydrochlorothiazide did well on atenolol , making it 
acceptable to switch non-responders to atenolol if treatment has 
been started with a diuretic . 
There is much clinical experience with the combination of a 
diuretic and a beta-blocker in the treatment of hypertension 
(O ' Brien and Mc Kinnon 1972 ; Angervall and Bystedt 1974 ; Galloway 
so 
et al . 1974 ; Castenfors 1977 ; Neuvonen et al . 1978 ; Jaattela 
1981 ) .  
As might have been expected from these studies , we , too , found an 
increase in efficacy when the combination HCT/atenolol was given . 
There is no agreement whether diuretics and beta-blockers 
potentiate the antihypertensive effect of each other or whether 
their effects are additive. 
21 patients, i . e .  46 % of the non-responders after the change , 
had a DP below 90 mmHg after having taken the combination of both 
drugs for 1 month , and of the remaining 25 non-responders 10 
responded well after the dose of atenolol in the combination had 
been increased to 200 mg once daily . This effect deserves notice 
since the dose response curve of atenolol is almost flat above 
100 mg ( see "Patients and Methods" ) .  It might be due to a change 
in the shape of the curve caused by the addition of HCT. 
Side effects and complaints did not differ significantly between 
the two drugs,  which is in agreement with results from other 
studies of the combination of a beta-blocker and a thiazide 
(Galloway 1974; Berglund 1976 ; de Plaen 1981 and Jaattela 
1981 ) .  
In the Veterans Administration studies ,  in which hypertensive men 
were given antihypertensive treatment but no B -blocking drug , 
lower mortality and morbidity from cerebrovascular diseases , 
heart failure and renal insufficiency were found . No preventive 
effect of antihypertensive treatment on myocardial infarction and 
"sudden death" was observed in those studies.  Investigations in 
patients who have had a myocardial infarction , however , suggest 
that the incidence of reinfarction and "sudden death" is reduced 
in patients given IB -adrenergic receptor blocking drugs 
(Wilhelmsson et al . multicentre International study 1975 ; 
Norwegian Multicentre Study Group 1981 ; BHAT-study 1981 , 1982 ;  
Julian et  al.  1982) , no matter which IB -blocker has been used .  
Although not much is  known about primary protection against 
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myocardial infarction by B -blocking agents , there is some 
evidence that propranolol-treated patients with hypertension may 
have a lower incidence of myocardial infarction than those not 
given a B -adrenoceptor blocking drug (Stewart 1976) . Since this 
also may be true for atenolol , and as the latter drug causes a 
more rapid decrease in blood pressure than hydrochlorothiazide , 
and at the cost of no more side-effects , we conclude that 
generally in the treatment of uncomplicated hypertension a modern 
Bl -blocking agent , such as atenolol , is to be preferred rather 
than hydrochlorothiazide as the drug of first choice. 
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Comparison of Atenolol SO mg and Atenolol 100 mg as Initial 
Treatment in Uncomplicated Mild to Moderate Hypertension. 
- • 1 2 2 2 E .  van der Veur , B . S .  ten Berge , A.J.M. Danker , J .F .  May , 
F .H .  Schuurman1 , and H. Wesseling3 • 
General Practitioner Laboratory 1 and Departments of Internal Me­
dicine2 and Clinical Pharmacology3 , Working Group for Hyperten­
sion , University Hospital,  Groningen , The Netherlands.  
Summary .  After screening a local population in the northern part 
of The Netherlands for hypertension, S9 patients with a diastolic 
pressure (DP) between 9S and 130 mmHg were randomized and treated 
either with SO mg atenolol (n=29) or 100 mg atenolol (n=30) for 1 
month. There was no significant difference between the two treat­
ments , neither in the fall in systolic and diastolic pressures 
nor in the number of complaints reported. It is concluded that in 
the initial treatment of uncomplicated mild to moderate hyperten­
sion , 100 mg atenolol has no advantage over a SO mg dose . 
Keywords : atenolol , hypertension; side-effects,  dose-response 
relationship ,  initial treatments. 
The dose-response curve of atenolol in lowering blood pressure is 
quite flat for doses between S0-7S and 600 mg/day (Dollery et al . 
197S; Jeffers et al . 1977 ) .  According to Gostick et al . ( 1977 ) , 
Marshall et al . ( 1977 ) and Zacharias et al . ( 1977) , one dose of 100 
mg/day is more effective than SO mg/day and 100 mg/day lowers 
blood pressure to the same extent as 200 , 400 or 600 mg/day .  
However , Jeffers e t  al . ( 1977) and Ishizaki e t  a l .  ( 1983) reported 
that SO mg/day was as effective as the higher doses. Many authors 
consider that a dose of atenolol of 100 mg/day is the optimal 
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initial dose . Scott et al . ( 1982) showed , however , that recommen­
dations for the dose of atenolol in the management of hyper­
tension should be reconsidered , and that there appeared little to 
justify the routine initial prescription of 100 mg/day as 50 
mg/day was almost as effective and much cheaper . 
In the present trial 50 and 100 mg atenolol once daily were com­
pared in patients with uncomplicated mild to moderate hyperten­
sion . The efficacy and adverse effects of these dosage regimens 
were compared after treatment for 1 month . 
After screening a local population in the northern part of The 
Netherlands for hypertension , according to a previously 
described method (Van der Veur et al. 1984) , 59 patients with a 
diastolic pressure (DP) between 95 and 130 mmHg were randomized 
and treated with atenolol either 50 mg (n=29) or 100 mg (n=30) 
per day . 
The mean initial blood pressure in both groups did not differ 
significantly nor did the main characteristics of the partici­
pants . 
After one month of treatment the DP and systolic pressure (SP)  
had fallen to  respectively 95 .4 ± 8 . 1  and 145.4 ± 23 .8  mmHg, 
respectively ,  in the 50-mg group , and to 97 . 7  ± 10.8 and 147 . 3  ± 
22 . 7  mmHg in the 100-mg group.  
The difference in blood pressure reduction between the 2 groups 
was not significant , nor was the number of responders (X 2-test ) 
to both drug regimens (Table 1 ) .  Responders were defined as pa­
tients who reached a DP of 90 mmHg or lower after one month 
treatment . 
Responses to a comprehensive questionnaire before and after the 
treatment showed that the reduction in the average number of 
complaints per patient did not differ between the 2 groups 
( signed rank test) . For none of the specific complaints was the 
total reduction or increase significant (X2-test ) .  There was no 
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Table I t-mn characteristics and mean blood pressures (± SD) of the patients. 
lt!d.ications Age 
atenolol SO !Ill 53.8 ± 7.5 
(n=29) 
Aterolol Im !Ill 51.0 ± 8.7 
(�) 
Males FE!!Bles t-\Bri SP � IP  t-mn SP ti5lll IP /::;. t-tiari SP /::;. lb3n IP Respcnlers 
5 2A 
10 20 
before treat:nent before trea!Jrent after 1 nooth after 1 nooth after 1 rrmth after 1 nooth (IP:s;;�) 
(nllflg) (nllflg) (rmfl!) (� (� (� 
162.8 ± 20.6 105.0 ± 9.2 145.4 ± 23.8 95.4 ± 8.1 17.4 ± 14.2 10.6 ± 5.2 13 (45%) 
169.2 ± 23.6 107.8 ± 10.5 147.3 ± 22.7 97.7 ± 10.8 21.9 ± 19.5 10.1 ± 8.5 10 ('.m) 
n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
� 
significant reduction in the number of complaints per patient 
after the month treatment in either the responders or the non­
responders ( signed rank test) . 
Discussion 
The present study showed that in the treatment of uncomplicated 
mild to moderate hypertension , SO mg atenolol o . d .  was just as 
effective as 100 mg once daily.  There seems little evidence , 
therefore , to justify the prescription of 100 mg atenolol as the 
routine initial dose in such circumstances . These findings are 
in agreement with those of Jeffers et al. ( 1977) , Scott et al. 
( 1982) and Ishizaki et al . ( 1983 ) .  Although the latter 2 authors 
also measured blood concentrations , which were found to be lower 
after the SO mg dose , they both showed the same antihypertensive 
effect with the two different doses after 24 hours. This provides 
confirmation that the effectiveness of �-blockers in reducing 
blood pressure or exercise induced tachycardia is not necessarily 
related to their plasma concentrations (Amery et al . 1977 ; Ambro­
sioni et al.  1983 ) . 
The number of responders (DP � 90 mmHg after 1 month) on the 2 
regimens was 4S and 33 %, respectively . This is in agreement with 
earlier work (van der Veur et al . 1984 ) , showing a response rate 
of 41 % to 100 mg atenolol after one month of treatment under 
similar conditions . Greminger et al ( 1983) found a response rate 
of 61 % to 100 mg atenolol , but they considered any patient whose 
blood pressure dropped to or below 9S mmHg as a responder . 
If this criterion had been applied to the present patients ,  the 
response rate in the present study would have been SS% for the SO 
mg group and 43% for the 100 mg group. These results do not 
differ significantly (X2-test) .  
No difference could be demonstrated in adverse effects attributa-
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ble to the two doses after 1 month of treatment , and the inciden­
ce of adverse effects may not be directly correlated to the 
dosage of atenolol . Accordingly , prescription of the minimum 
required dose must be prudent and less costly .  
I n  conclusion, the results of the study have confirmed the idea 
that treatment of mild to moderate hypertension in general prac­
tice is equally safe and effective using atenolol 50 mg or 100 mg 
daily . Whether the result can be substantiated after long-term 
use remains to be established , but there seems to be no reason to 
start atenolol under the circumstances described in the dose of 
100 mg daily. 
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ADDITION TO CHAPTER IV 
Due to the character of the short communication not all data , 
especially those concerned with adverse reactions could be given 
in detail.  Nevertheless for a fair comparison with the adverse 
reactions after one month treatment with 100 mg metoprolol as 
presented in chapter 6 it is necessary to mention these data . 
Table 1 presents the data of the comprehensive questionnaire 
before and after one month treatment with SO mg and 100 mg ateno­
lol , In both groups the hypertension-related complaints are re­
duced by respectively 24 and 43 per cent . The atenolol-related 
complaints show a decrease of 3 and an increa�e of 19 per cent 
respectively and the symptoms that have no relationship to hyper­
tension or atenolol show a decrease of 37 and an increase of 13 
per cent respectively . Although after one month treatment the 
reduction of hypertension-related complaints seems smaller in the 
SO mg group than in the 100 mg group,  there might be a tendency 
that drug-related and other complaints in the former group have , 
after one month treatment , a lower prevalence than in the latter 
group . 
In the previous chapter (Table 8) side effects and complaints of 
100 mg atenolol are reported before and after six months of 
treatment , If we rearrange these data in hypertension-related , 
atenolol-related and other complaints in the same way as men­
tioned above , a further reduction of hypertension- and atenolol­
related complaints is obtained , indicating that tolerance for the 
atenolol-related complaints is developing in time . 
In chapter 6 we shall see that the same phenomenon is seen in 
metoprolol treated patients and how these findings compare with 
those in this chapter ; this may add to the decision which beta­
blocking drug should be preferred , 
Table 2 shows the number of complaints per patient in responders 
and non-responders before and after one month treatment with 
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Table I Canpla:ints recorded in the questionnaire before and after one 11D11.th treatna'lt. 
�lain ts Atenolol SO � Atenolol lCO � 
before after before after Average 
treatnent treatJrent treatnent treatJrent change 
(n=29) (n=29) (6) (n=JJ) (n=JJ) (6) 
Hypertension related 
dizziness 8 8 11 8 
hredache 9 5 10 4 
IT 13 (- 24%) 21 ---u- (- 4�) - 34% 
Atenolol-related 
fainting 0 0 0 0 
dysimea 6 4 3 3 
drowsiness 4 3 5 4 
redoced nuscle !JOIE?" 1 5 3 5 
cold extranities 9 7 10 9 
dry eyes 3 2 4 5 
nasal congestion/ 
running nose 3 3 3 4 
depression 3 6 3 2 
nightneres 2 2 2 5 
loss of concentration 3 1 0 2 
nausea 1 1 3 4 
d:iarrlioea 0 0 1 1 
35 � (- �) 37 � (+ 19%) + 87. 
� 
tremr 2 0 2 2 
s.ollen ankles 4 1 3 3 
tender joints 4 3 9 4 
blurred vision 5 4 6 7 
disturbed colour 
perception 3 2 0 2 
dry ncuth 7 5 2 5 
SI.Olien salivary glands 0 0 0 1 
de/increased 
defaecation 1 2 2 4 
palpitations 3 1 1 2 
xanthela 1 1 5 4 
]) 19 (- 37%) � � (+ l�) - 12% 




per patient 2.8 2.3 2.9 3.0 
signed rank test 
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Table II Nunber of canplaints per patient in responders and norr esponders before 
and after one m:>nth trmt:nent. 
NuniJer of At:eoolol 50 q: Atenalol 100 q: 
cmplaints 
Respooders Nm--respmlers Respcnlers Ncn-respm:lers 
before after l nmth before after 1 nmth before after l nmth before after 1 nmth 
treet:JIEnt treet:JIEnt treet:JIEnt ttmt:llEnt treet:JIEnt treet:llEnt treet:llEnt treet:llEnt 
(n=IJ) (n-13) (n=l6) (n=l6) (n=IO) (f)clO) (n=al) (n-2)) 
0 l 4 3 3 5 4 4 7 
l 2 1 3 5 l l 3 l 
2 4 3 2 4 l 3 2 
3 2 l 4 1 4 4 
4 2 2 1 2 l 2 
5 4 l l 
6 2 
7 2 2 







Total 43 34 39 32 'lA 31 fA 'j) 
n.s. n.s. n.s. n.s. 
Average 
l1llliler of 3.3 ± 3.1 2.6 ± 2.8 
cmplaints 
2.4 ± 1.9 2.0 ± 1.9 2.4 ± 3.3 3.1 ± 3.3 3.2 ± 3.1 3.0 ± 3.3 
per IBtient 
respectively SO mg and 100 mg atenolol . No significant reductions 
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Atenolol serum levels and effects on blood pressure and heart 
rate in mild to moderate hypertension. 
E .  van der Veur1 , B . S ,  ten Berge2 , A.J.M.  Donker2 , J.F.  May2 , 
F .H .  Schuurman1 , and H. Wesseling3 • 
General practitioner Laboratory1 and Departments of Internal 
Medicine2 and Clinical Pharmacology3 , Working Group for 
Hypertension , University Hospital , Groningen , The Netherlands .  
Summary.  Serum level monitoring i n  133 hypertensive atenolol­
users showed a poor correlation between atenolol concentration 
and both decrease of diastolic pressure ( 6. DP) and decrease of 
heart rate ( 6. HR) .  Increasing the dose from 100 to 200 mg daily 
resulted in a significant but not proportional increase of the 
serum concentrations . In the patients with an initial HR of � 70 
beats/minute and no decrease in HR at all , invariably low to 
undetectable atenolol serum levels were found.  Thus the measure­
ment of 6. HR  in atenolol-users is a simple and reliable detec­
tion method for non-compliance , though not all patients that 
don ' t  comply will be detected . 
Key words atenolol , serum levels ,  compliance. 
Nowadays many beta-blocking agents with different properties are 
available. Whatever the underlying mechanism of the effectiveness 
of these drugs is , the antihypertensive action is approximately 
the same ( 1 , 2 ) .  However , pharmacokinetic properties may differ. 
Favourable pharmacokinetic characteristics include a low variabi­
lity in the plasma concentration achieved by a given dose and a 
long elimination half-life. Atenolol is an agent of which the 
bioavailability is approximately the same as the percentage of 
the dose that is absorbed (SO %) . It is hardly metabolized and 
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almost completely excreted in the urine (3 ,4 ) . Because of this , 
one might expect a correlation between atenolol serum levels and 
the antihypertensive effect , but this has never been shown (5 ,6 ) . 
In the present study,  serum levels of atenolol were measured in 
133 patients with mild to moderate hypertension and the correla­
tions with 6. DP and 6. HR were studied as well as the relation 
between serum levels of daily doses of 100 mg and 200 mg ateno­
lol . 
Patients and Methods 
Patients in whom the atenolol serum levels were estimated , be­
longed to a larger population of patients with mild to moderate 
hypertension , found during a large screening programme performed 
in Vries and in the Marne area ( 7 ) ,  two rural areas in the 
northern part of the Netherlands . 
The patients in the Marne area received after randomization a 
medication with either atenolol (At) 100 mg once daily or hydro­
chlorothiazide (Her) 50 mg once daily . If no adequate control of 
diastolic presssure (DP � 90 nmHg) was obtained within one month , 
the patient switched to the alternative medication . In the Vries 
area every patient started with 50 mg HCT o . i . d .  and the non­
responders ( DP > 90 mmHg) after one month switched to At 100 mg 
o . i . d .  If again after one month DP was not decreased sufficient­
ly , the patient received the combined therapy of At 100 mg and 
HCT 50 mg o . i . d .  
I f  this combination also did not lower the DP under 91  nmHg 
within one month , the dose of atenolol in the combination was 
increased to 200 mg o . i . d .  Finally , remaining non-responders were 
switched to either the combination of 50 mg Her + labetalol or to 
the combination of 50 mg HCT + 200 mg At + prazosine . Labetalol 
and prazosin were titrated against the effect.  
7 1  
Serum samples for atenolol determination were obtained from 133 
patients ; the frequency of sampling varied according to the 
duration of the investigation period from 1 to 7 samples per 
patient . Blood samples were taken by paramedic personnel of the 
Groningen Hypertension Service at the patients periodical visits 
to this Service. At the same occasion , systolic and diastolic 
blood pressure and heart rate were measured as described earlier 
( 7 ) . 
Differences were tested using Student ' s  t-test .  A difference was 
considered to be significant if p two tailed was � 0 .05 .  
Storage o f  samples and technique of analysis 
Blood samples were centrifuged within a few hours after drawing . 
The obtained sera were kept at -20°C till the time of analysis. 
The determination were performed by means of HPLC . 




10  M NaOH p .a .  in deionized water (Merck , 
nr 6495) 
Dichloromethane (DCM) (Merck , nr 6044) 
Methanol p .a. (Merck , nr 6009) 
Buffer Acetic acid p.a . ( 30 %) (Merck , 
nr 63) + diethylamine (Baker chemicals ,  
nr  8030) till pH = 6 ,0  
Ethylacetate p .a .  (Merck , nr. 9623) 
10 mg pindolol in 500 ml deionized water 
and 500 ml methanol 
20 mg atenolol/l methanol (freshly 
prepared) 
Pump : M-6000A ; injector model UGK 
(Waters ass . ) ,  connected to LC-UV 




Retention time : 
Detection level 
CV of sample of 
± 400 µ,g/l 
Results 
Column : Partisil 5 µ, , 15 cm with internal 
diameter of 3 mm 
Eluent : methanol - DCM - buffer (20 + 80 
+ 0 . 15 )  
Flow : 1 , 0  ml/minute 
Paperspeed ! cm/minute 
Wavelength 238 mm 
Sensivity : 0.01 
Mix 1 ml serum with 200 ul NaOH ( 10 M) . 
Add 100 ul internal standard , 5 ml 
ethylacetate and 100 ul amylalcohol . 
Mix 2 minutes on Vortex . Eliminate after 
centrifuging the waterphase . Evaporate 
organic phase at 30 °C and dissolve 
extract in 50 µ,l eluent 
Pipet O, 2 . 5 ,  5 ,  20 and 40 µ,l calibration 
solution and add 1 ml serum. This yields 
O, 50 , 100, 200, 400 and 800 mg atenolol/ 
liter serum. Procedure as with samples . 
± 4 , 5  minutes 
50 µ,g/l 
4 , 5  % 
Due to the circumstances of the study , variations in time between 
the intake of the last tablet and blood sampling could not be 
avoided . Although this time varied from approximately 3 to 9 
hours, no ( inverse ) relationship with serum atenolol levels was 
found , neither in between-patient nor in in-patient comparisons. 
The study allowed a direct comparison of atenolol levels , unre-
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lated to time of intake and 6 DP and 6 HR . 
6 DP 
In  patients (n=Bl) who responded well on 100 mg atenolol o . i . d . ,  
the median decrease of DP ( 6 DP) was 12 mmHg ( range from 2 to 32 
mmHg) ; the mean serum level at the median decrease of DP was 
415 . 1  ± 237 .7  µ,g/l . No correlation between atenolol serum levels 
and 6 DP was observed , neither in the total group of patients 
nor in individual patients . This is illustrated in Figure 1 .  It 
gives the mean serum atenolol levels (± SEM) that were found at 
the various 6 DP ' s . Atenolol lowered DP in nearly all patients , 
irrespective of the serum levels obtained . However , in patients 
(n = 29) who responded initially but failed to maintain adequate 
control of DP subsequently (whether HCT had been added or not ) , 
the levels during the effective treatment period were signifi­
cantly higher than the levels during the insufficient treatment 
period (means resp, 389 .6 and 283 .0 µ,g/l ; difference 106 .6  ± 48 . 9  
SF.M, p < 0 . 05) . 
6 HR 
A weak but non-significant correlation was found between atenolol 
concentration and 6 HR  ( being the difference between control 
heart rate before the first atenolol dose and the subsequent 
heart rate during atenolol intake ) .  From the patients with 4 or 
more known atenolol levels ,  some showed a fairly good correlation 
between serum atenolol level and 6 HR ,  while such correlation 
was not present in others . Figure 2 represents the relationship 
between increasing 6 HR and concomitant mean atenolol serum le­
vels after use of 100 mg atenolol o . i . d .  
A striking finding was that,  although patients on 100 mg atenolol 
o . i . d .  with low serum levels ( < 100 µ,g/l ) might show considera­
ble decreases of their pulse frequencies , in patients with no 
decrease of pulse frequency ( 1 3  observations), if initial HR was 
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� 70 beats/min,  only once an atenolol serum level above 100 
µ,g/l was found ( 1 77 µ,g/l) , independently of the addition of HCT. 
Only 3 out of 10 patients with a !::, HR of 4 beats/min had ateno­
lol levels of > 200 µ,g/l .  
The addition of 50 mg HCT to the daily dose of  100 mg atenolol (n  
= 61)  did not influence mean atenolol serum levels. As  could be 
expected , the addition of another 100 mg atenolol to the daily 
regimen in those patients who failed on the combination of 100 mg 
atenolol and 50 mg HCT (n = 51 ) ,  resulted in higher serum levels 
of atenolol : the mean values increased from 329 . 1  to 447 ,6  µ,g/l. 
The mean rise ( 1 1 8 . 5  µ,g/l ± 33 .4 SEM) , though significant at the 
0 ,001 level, was not proportional , indicating that higher oral 
doses atenolol are probably less well absorbed . In 4 patients no 
decrease in HR was found ; in all these cases the atenolol levels 
remained below 200 µ,g/l , despite the high dose . 
Discussion 
The poor correlation between blood pressure decrease and serum 
atenolol concentration is well known for many beta blocking 
agents ( 8 , 9 , 10) . In spite of the relatively insignificant biode­
gradation and small distribution volume of atenolol, again the 
serum level of this drug , is not a reliable predictor of the 
hypotensive effect ( 1 1 ) . Variation in sampling time , variation in 
circumstances of daily life and uncontrollable compliance , as 
were present in this study , will certainly have influenced our 
results,  but they represent on the other hand real life situa­
tion . Blood pressure control is a complex phenomenon and changes 
may be due to factors that have widely different time constants 
( changes in cardiac output, resetting of baroreceptors, modula­
tion of transmitter functions etc . ) .  It is therefore not surpri­
sing that changes in blood pressure are not directly related to 
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changes in the serum level of the active drug . Obviously , heart 
rate has a closer relationship to serum concentrations . In this 
study it was shown that no fall in heart rate ( in patients with 
an initial heart rate of 70 beats/min or more) indicates the 
absence of a significant serum atenolol level . The consequence of 
that finding is that in such patients regular atenolol intake is 
subjected to serious doubt. In our study , it could be confirmed 
in 3 patients that no decrease in heart rate was associated with 
no intake of atenolol . 
The disproportional increase of serum levels after switching from 
100 to 200 mg atenolol is in accordance with the rather poor 
absorption of atenolol (40-60 %) after oral intake (3 ) . It is 
highly unlikely that increased clearance and or decreased protein 
binding are responsible for the phenomenon. As a consequence , the 
addition of another 100 mg atenolol is not expected to give 
dramatic improvements of the antihypertensive effect , as was the 
case in our patients indeed . Furthermore , the dose of 200 mg 
seems to represent the upper part of the dose-response curve a 
recent study from our group ( 12 )  under similar circumstances 
confirmed the finding of others ( 13 , 1 1 )  that SO mg atenolol daily 
already is an effective dose in mild to moderate hypertension. 
In summary,  under the circumstances as met by our Hypertension 
Service in rural general practices , routine determinations of 
serum levels are of no use .  Careful monitoring of heart rate is a 
good alternative , especially if poor compliance is suspected . 
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Figure 1 
Plot of 6 DP (mmHg) against concomitant mean atenolol serum levels in 
µ, g/l ± SEM ( 1 90 observations in 81 patients during adequate response on 
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Figure 2 
Plot of 6 HR ( beats/min) against concomitant mean atenolol serum 
levels in µg/l ± SEM ( 258 observations in 133 patients who used 
100 mg atenolol o , i , d . )  
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CHAPTER VI 
A COMPARISON OF METOPROLOL 200 mg AND METOPROLOL 100 mg 
PLUS 1 2 , 5  mg HYDROCHLOROTHIAZIDE IN NON-RESPONDERS TO AN 
INITIAL DOSE OF 100 mg IN UNCOMPLICATED MILD TO MODERATE 
HYPERTENSION 
E. van der Veur1 , B . S .  ten Berge2 , A .J .M. Donker 2 , J .F.  May 2 , 
F .H .  Schuurman1 , and H .  Wesseling3 • 
General Practitioner Laboratory 1 and Departments of Internal 
Medicine2 and Clinical Pharmacology3 , Working Group for 
Hypertension , University Hospital , Groningen , The Netherlands.  
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A comparison between metoprolol 200 mg and metoprolol 100 mg plus 
1 2 . 5  mg hydrochlorothiazide in non-responders to an initial dose 
of metoprolol 100 mg in uncomplicated mild to moderate 
hypertension. 
E. van der Veur1 , B . S .  ten Berge2 , A.J.M.  Donker2 , J.F.  May2 , 
F .H .  Schuurman1 , and H .  Wesseling � 
General Practitioner Laboratory 1 and Departments of Internal 
Medicine2 and Clinical Pharmacology3 , Working Group for 
Hypertension , University Hospital , Groningen , The Netherlands.  
Summary .After screening a local population in the north-eastern 
part of the Netherlands for hypertension , 131 previously un­
treated patients with a diastolic blood pressure (DP) between 95 
and 130 mmHg were treated with 100 mg metoprolol o , d ,  After one 
month of treatment there was a fall in DP from 107 . 7  ± 8 , 3  mmHg 
to 100 . 9  ± 9 . 5  mmHg ; p < .0.001 . Twenty five patients ( 19 %) had 
reached a DP � 90 mmHg . In 1 10 patients with a DP between 90 
and 110  mmHg metoprolol 100 mg was continued for another month 
( fall in DP from 99 .9  ± 8 .4  mmHg to 96 . 2  ± 9 . 1  mmHg; p < 0 .001 )  
and after that period in  this group 45 patients (41  %) reached a 
DP � 90 mmHg . Non-responders to metoprolol 100 mg (DP > 90 mmHg 
after two months of treatment) were randomized and treated either 
with 200 mg metoprolol (Durules ) o . d .  (n = 24) or 100 mg metopro­
lol plus 12 .5  mg hydrochlorothiazide o . d .  in a fixed combination 
(n = 25) .  During two months treatment 11 ( 46 %) and 7 ( 28 %) 
patients reached a DP � 90 mmHg with a concomitant fall in DP 
from 102 . 9  ± 6 .8  mmHg to 94 .9  ± 6 .5  mmHg and from 102 . 9  ± 6 . 1  
mmHg to 97 . 0  ± 7 . 0  mmHg , respectively , 
The DP ' s  at the end of this period did not differ significantly ,  
nor did the 11umber of responders ( 1 1  versus 7 )  and the number of 
important complaints . 
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Non-responders to either treatment were switched to the fixed 
combination of 200 mg metoprolol plus 25 mg hydrochlorothiazide . 
This produced after another two months a further significant 
reduction in DP from 99.8 ± 5 . 3  mmHg to 95 . 2  ± 7 . 1  mmHg ( p < 
0 .05) . Nine (33 %) out of 27 patients reached a DP � 90 mmHg .  
I t  is concluded that increasing the dose of 1 00  mg metoprolol to 
200 mg (Durules) is just as effective and well tolerated as 
adding 12 .5  mg hydrochlorothiazide in a fixed combination and 
secondly that changing the medication to the fixed combination of 
200 mg metoprolol plus 25 mg hydrochlorothiazide caused a further 
significant reduction in DP . 
Keywords hypertension , metoprolol , hydrochlorothiazide ; 
therapeutic efficacy ,  side effects .  
Normally a stepwise treatment i s  used in patients with high blood 
pressure. Although there is no general agreement whether mild to 
moderate hypertension should be treated initiallly with a diure­
tic or a beta-blocker , there certainly is a tendency to start 
treatment nowadays with a beta-blocking drug . If no sufficient 
blood pressure lowering effect is obtained , a diuretic is added 
(van der Veur et al . ,  1984) . As it not clear whether a low dose 
of a beta blocking drug should be doubled before the addition of 
a diuretic , we investigated in the present study , after an ini­
tial treatment of 100 mg metoprolol o . d .  during two months , 
whether doubling the metoprolol dose from 100 to 200 mg (Durules) 
was equally well tolerated and efficacious as the addition of 
12 .5  mg hydrochlorothiazide to 100 mg metoprolol in one single 
combination . 
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Patients and Methods 
In 1983 the Groningen Hypertension Service (GHS) performed a 
screening program in Delfzij l ,  a city with about 25 .000 inhabi­
tants in the north-east of the Netherlands . Approximately 1 1 , 100 
people ( 5 , 600 men and 5 , 500 women) , between 25 and 65 years of 
age were invited to the screening . The attendance rate of the 
summoned population was 39 per cent . 
Initial blood pressure readings were taken by specially trained 
para-medics using an auto-sphygmomanometer Type SK 2003 . 
Blood pressure was measured between 7 and 10 p .m.  The diastolic 
pressure (DP) was taken at complete disappearance of the Korot­
koff sound with the patient in the sitting position . If a DP � 
95 mmHg was found , the measurement was repeated by a physician 
after a rest of 15 minutes in the sitting position . If a DP � 95 
mmHg was found again, the patient was asked to return after 
another week . If at the third measurement a DP � 95 mmHg was 
established , an appointment with the general practitioner was 
made within two weeks . If the DP was still � 95 mmHg (4th mea­
surement) the patient was physically examined and routine blood 
chemistry was done , If no exclusion criteria were present , the 
patient was sent to the Hypertension Service for antihypertensive 
treatment . Exclusion criteria were serious cardiac impairment 
( pump failure , recent infarction) ,  systemic diseases such as 
asthma and diabetes, impaired liver and renal functions , and 
pregnancy ,  Patients whose DP was higher than 130 mmHg were 
excluded too and advised to see an internist . 
Table 1 shows the medication schedule and the study design. All 
patients were seen every month for registration of their blood 
pressure during a period of six months, 
However , if the DP was � 90 mmHg ,  the patient was asked to 
return every two months after visit 2 ( condition 1 ) .  Change in 
treatment took place only after a second DP reading between 90 
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and 110 mmHg within one month interval (condition 2) . Direct 
dosage increase was allowed if a DP between 110 and 130 mmHg was 
measured once ( condition 3) . 
All patients started (visit 1 )  with 100 mg metoprolol (M) . Only 
if condition 3 was met after one month ( visit 2) , the patient was 
randomized to either a regimen with 200 mg metoprolol (Durules ) 
or the fixed combination of 100 mg metoprolol with 1 2 , 5  mg hydro­
chlorothiazide (100 M/12 . 5  HCT) . If condition 2 was met after two 
months ( visit 3 ) ,  the patient was randomized to either medication 
as described above . Patients who met condition 1 continued with 
100 mg metoprolol for another two months . Patients whose DP at 
visit 3 was between 90 and 110 mmHg for the first time continued 
with 100 mg metoprolol for one additional month . At visit 4 only 
a change in medication was performed if condition 2 or 3 was met . 
At visit 5 ,  all patients who met condition 1 continued for an­
other two months with their medication . Patients taking 200 mg 
metoprolol or the fixed combination of 100 M/ 12 .5  HCT who still 
met condition 2, changed their medication to the fixed combina­
tion of 200 mg metoprolol with 25 mg hydrochlorothiazide ( 200 
M/25 HCT) for two months . For visit 6 the same procedure as for 
visit 4 was followed . Visit 7 was the last control visit for this 
study schedule . 
At every control visit systolic blood pressure (SP) , DP and heart 
rate (HR) were measured and a limited number of vital complaints 
were asked for . A comprehensive questionnaire was completed at 
control visits 1 ,  2 and 7 .  Routine blood chemistry was performed 
at visits 1 and 7 .  
All medication was prescribed by  the patients general practitio­
ner . The patient was advised to take his tablets at breakfast . 
Differences were tested using Student ' s  t-test or Chi-square , un­
less reported otherwise. A difference was considered to be signi­
ficant if p two-tailed was :!S" 0 .05 .  
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Results 
One hundred and thirty one ( 96 females and 35 males) previously 
untreated patients with a DP between 95 and 130 mmHg after five 
blood pressure readings entered the trial and were treated with 
100 mg metoprolol . 
Control systolic and diastolic pressures and heart rate and these 
values after one month of treatment are presented in Table 2 .  
Both SP and DP decreased significantly by  7 . 8  ± 16 .7  mmHg and 
6 .8 ± 7 . 9  nunHg, respectively ( p  < 0 .001 ) ,  and 25 ( 19 %) of the 
patients were considered responders (DP :S; 90 mmHg) after one 
month treatment . 
Twelve patients had a DP � llO mmHg and :S; 1 30 mmHg , and conse­
quently five of them switched to 200 mg metoprolol and seven 100 
M/12 . 5  HCT in a fixed combination according to condition 3 .  Three 
patients switched to an alternative medication because of tired­
ness , chest pain or dyspnoea and three dropped from the study be­
cause of poor compliance. Another three patients continued their 
medication but did not return at visit 3. The remaining 110  pa­
tients continued on 100 mg metoprolol and came to visit 3 after 
another month ; 45 of them (41 %) had reached a DP :S; 90 mmHg . 
Though both SP and DP during this second month of treatment had 
decreased progressively ,  no further reduction in HR was observed 
(Table 2 ) .  A decrease in blood pressure was also found in the 
patients on 200 mg metoprolol or 100 M/1 2 . 5  HCT after one month , 
though none of these 12 patients reached a DP :S; 90 nunHg at visit 
3 .  So after two months treatment 34 per cent responders were 
found on an intention-to-treat base . 
From the 65 out of 110 patients with a DP > 90 mmHg after two 
months of treatment ,  ten continued the medication and one was 
withdrawn because of poor compliance . According to the randomiza­
tion schedule , 28 patients were subsequently treated with 200 mg 
metoprolol (Durules) and 26 with the fixed combination of 100 M/ 
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Table 2 SystJJli.c blood pressure (SP), d:iastol.1c bl.cxxl pressure (IP), hmrt rate (HR) am 
nmiJer of respcnle:ra (IP � 00 allilg) before (visit 0) am after 1, 2 am 6 nmths of treatuEnt 
with 100 mg metoprolol.. All variables i.ere oeisured in the sitting pooition aIXI expressed as nmn 
± S.D. 
M:xith 0 fuith 1 M:xlth 2 M:xlth 6 
SP (nnf!g) 166.8 ± 20.9 159.0 ± 19.4 -
DP (miilg) 107.7 ± 8.3 100.9 ± 9.5 *'* 
HR (brets/min) 92.5 ± 14.5 79.3 ± 15.5 -
Respcn:lers (DP � 00 tmilg) 25 (19 %) 28 (21 %) 
n 131 131 
SP (rmilg) 166.7 ± 21.4 158.3 ± 19.6 - 153.5 ± 21.6 -
** 
DP (nnflg) 107.2 ± 8.0 99.9 ± 8.5 *'* 96.2 ± 9.1 -
-
HR (brets/min) 92.5 ± 15.1 78.3 ± 14.8 *'* 78.0 ± 14.4 -
n .. s. 
Respooders (DP � 00 rmilg) 45 (41 %) 
n 110 110 110 
SP (tmilg) 157.9 ± 19.0 150.0 ± 19.8 ** 141.7 ± 15.6 - 141.2 ± 17.4 -
-
DP (allilg) 1Cl3.0 ± 6.2 93.6 ± 7.4 - 88.4 ± 4.8 - 89.5 ± 8.2 -
** 
HR (brets/min) 93.2 ± 14.7 00.7 ± 15.8 - 75.9 ± 15.7 *'* 77.1 ± 16.1 -
n.s. 
Respooders (DP � 00 rmllg) 28 (68 %) 
n 41 41 41 41 
** p < 0.01 
- p < 0.001 
n.s., not significant 
Table 3 Main characteristics and results (± S.D.) of two months treatment with either 
metoprolol 200 mg daily (M 200) or metoprolol 100 mg + 1 2 , 5  mg hydrochlorothiazide daily 
(M 100 + 1 2 , 5  HCT) 
Months 0 2 3 4 
( r  a n d o m i z e d t r i a 1 )  
M200 i!! .:: lli 
Age : 53 . 2  




MlOO ±. 12,5 HGT 
i!! .:: .ill 
age 55 . 6  
( yrs ) t 7 . 9  
sex : 
F 1 7  
M 8 
1 72 . 2  
(±  1 8 . 4 )  
109 . 6  
(± 8 . 3 )  
90. 5  
( ±  14 . 1 )  
1 7cl.6 
(± 2 4 . 9 )  
108 . 6  
(±  7 . 3) 
90 . 3  
(± 1 4 . 7 )  
1 5 7 . 9  1 50 . 5  ** 
(± 1 5 . 2 )  (±  14 . 7 ) 
102 . 9  9 4 . 4  *** 
(± 6 . 8 )  (± 7 . 1 )  
79 . 3  73 . 7  
(±  1 2 . 6 )  (±  1 3 . 5 )  
1 65 . 0  1 5 6 . 8  ** 
(± 24.8) (± 27 . 4 )  
1 02 . 9  97 . 0  *** 
(± 6 . 1 )  (±  7 . 8 )  
8 1 .  7 77 . 6  
(± 1 7  .O) (± 1 5 . 2 )  
* significantly reduced compared to control values (underlined) 
* p < 0 . 05 
** p < 0 . 0 1, 
*** p < 0 . 00 1  
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1 50 . 1  
(± 1 8 . 0 )  
94 . 9  *** 
(± 6 . 5 )  
7 2 . 7  * 
(± 1 1 . 2 )  
1 54 . 6  ** 
(± 25 . 3) 
97.0 *** 
(± 7 . 0 )  
73.4 * 







12 .5  HCT . During the next two months two patients in the 200 mg 
group had a DP > 1 10 mmHg at visit 4 and switched to 200 M/25 
HCT , one patient did not return at visit 5 and one patient stop­
ped because of gastritis and pancreatitis,  In the 100 M/12,5  HCT 
group one patient had a DP > 1 10 at visit 4 .  For reasons of 
conveniance,  Table 3 shows the main characteristics of the 24 
patients in the 200 M group and 25 patients in the combination 
group that could be evaluated , together with their SP , DP and HR 
before and one and two months after randomization . The average 
DP ' s  in both groups had fallen significantly (p < 0 .001 )  prior to 
randomization , but not under 90 mmHg . After one month of treat­
ment both groups showed a further significant reduction in DP (p< 
0 .001 ) and SP ( p  < 0. 01 ) .  HR was not significantly reduced , 
although after two months the reduction was significant at the 5 
pct . level.  Neither at visit 4 nor at visit 5 significant diffe­
rences in SP , DP, HR and number of responders between the two 
groups could be established . At visit 5 the number of responders 
was 11 and 7 in the 200 M and 100 M/12 .5  HCT group , respectively. 
The 18 non-responders to 100 M/1 2 . 5  HCT and 9 non-responders to 
200 M (one continued on 200 M by mistake and three continued 
because of condition 2) subsequently received the combination of 
200 M/25 HCT in a fixed combination for another two months. Only 
after the second month , mean DP was significantly reduced from 
99 ,8  ± 5 , 3  mmHg to 95 . 2  ± 7 . 1  mmHg ( p  < 0 , 05)  though several 
patients did not take tablets for some days before returning to 
the last (7 th) visit . From these 27 patients nine ( 33 %) reached 
a DP � 90 mmHg , 
During the entire trial (6  months) , 25 patients dropped out for 
various reasons : eight patients were poor compliers, six pa­
tients had to have a third drug added because of a continued high 
blood pressure according to condition 2 ,  one patient had a low 
serum potassium (3 . 3  mmol/l) and ten patients for various medical 
reasons (numb fingers, dyspnoea , dizziness ,  chest pain , fatigue , 
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upset stomach ,  gastritis , eczema) . At the end of six months ,  41 
patients were still using 100 mg metoprolol . Fifty six (43 %) out 
of the original 131 patients had reached a DP · !S 90 mmHg . 
Laboratory data 
Over the total period of six months , serum glucose , total choleste­
rol and mean cell volume did not change . Small rises in white blood 
cell count and hemoglobin, that were seen under both metoprolol 
alone and the combined treatment , were clinically irrelevant. Except 
for the combination 100 M/1 2 . 5  HCT there were significant increases 
in serum creatinine. As might be expected , uric acid rose signifi­
cantly and progressively if hydrochlorothiazide was added : from 
0 . 31 to 0 . 36 mmol/l under 100 M/12 . 5  HCT and from 0 . 32 to 0 . 39 
mmol/l under 200 M/25 HCT treatment .  In the latter group only a 
small but significant fall in serum potassium was observed : from 
4 . 5  to 4 . 2  mmol/l.  Except for one patient with a low potassium ( 3 . 3  
mmol/l) , no critical changes were noticed i n  individual patients . 
Side effects and complaints 
A comprehensive questionnaire was recorded at month 0 , 1  and 6 ,  
whereas at  every control visit six questions concerning important 
vital complaints were asked ( chest pain , dyspnoea , fainting , 
vomiting , headache , nightmares) .  
Table 4 shows the complaints of the comprehensive questionnaire 
recorded at month 0, 1 and 6 for patients using 100 mg metoprolol , 
subdivided in what could be considered as hypertension-related , 
metoprolol-related and other complaints.  After one month there was a 
decrease of 29 % in hypertension related complai.1ts where as an 
increase of 19 % in metoprolol related complaints was recorded . 
After six months treatment there was a further decrease in hyperten-
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Table 4 Results of comprehensive questionnaire recorded at month 
0, 1 and 6 for patients using 100 mg metoprolol . 
n • 131 n z 41 
month month 
0 ( 6 )  0 6 ( 6 )  
Hypertension-related 
dizziness 30 23 13 7 
headache 45 30 8 6 
75 53 (- 29 %) 21 13 ( - 38 %) 
Metoprolol-related 
fainting 3 0 
dyspnoea 1 9  12  7 4 
drowsiness 1 2  19  4 7 
reduced muscle power 6 1 1  2 0 
cold extremities 38 57 13 8 
dry eyes 11 15 5 6 
nasal congestion/ 
running nose 13 5 5 3 
nausea 7 1 2  1 
diarrhoea 4 3 
nightmares 7 1 1  3 3 
loss of concentration 4 2 1 
depression 16 18 4 0 
140 166 (+ 19 %) 46 35 ( - 24 %) 
Others 116 104 (- 10 %) 36 28 (- 22 %) 
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sion-related complaints and the metoprolol-related complaints had 
decreased , too . Although not significantly , in this period the 
number of patients with complaints had decreased from 35 to 25 . 
In the first month of treatment a significant reduction was seen 
for headache more than once a week and for nasal congestion (p < 
0 .05) , and a significant increase ( p  < 0.001)  was seen for cold 
extremities , though the latter complaint did not differ signifi­
cantly anymore after six months (McNemar) .  
Only the incidence of "vital complaints" ( chest pain , dyspnoea , 
fainting , vomiting , headache and nightmares )  was compared between 
the 100 M/1 2 . 5  HCT period and the 200 M Durules period . No signi­
ficant reductions in total number of complaints,  neither in the 
number of important complaints per patient before and after two 
months of treatment could be demonstrated (Wilcoxon mpsr ) . 
Discussion 
In most countries the protocolled treatment of hypertension in a 
general practice implicates a so-called stepped care program. 
Treatment is started with either a diuretic or a beta-blocking agent 
and in case of no response dosages are increased before a second 
drug is added . Starting doses were also high until recently , for 
instance 150-200 mg for metoprolol (Bengtsson 1976, Lederballe Pe­
dersen 1976 , Haglund 1980) , 100 mg for atenolol (Marshall 1977 , 
Zacharias 1977) and 50-100 mg for hydrochlorothiazide (Lederballe 
Pedersen 1976 , Castenfors 1977 , Nadeau et al . 1980) . Lower starting 
doses, however , have shown to be effective too (Rasmussen 198 1 ,  
Scott et al . 1982 , Van der Veur e t  al . 1985 , Beermann e t  al . 1978 ) 
and as a consequence, combinations of lower dosages of drugs with 
different modes of action followed . 
The disadvantage of most clinical trials studying the effect of 
antihypertensive drugs is the fixed dosage design , in which a too 
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fast dosage increase is allowed or required . In this study we star­
ted with a tablet of 100 mg metoprolol and continued this low dosage 
for two months , allowing the patient sufficient time to respond . 
Since it is not known whether in non-responders a low dose of 100 mg 
metoprolol should be doubled (200 mg Durules) or a low dose of 
hydrochlorothiazide ( 12 .S  mg)should be added ( in a fixed combina­
tion) , we compared both regimens in effect and tolerance during two 
months . Eventually non-responders to both medications were treated 
for another two months with the fixed combination of 200 mg metopro­
lol and 25 mg hydrochlorothiazide.  
The results show that after one month 100 mg metoprolol was effica­
cious in 19 % of the patients only. Continuation of the same dose 
with one more month indeed almost doubled the number of responders 
to 37 per cent . That continuation of the same medication for a 
longer period than two months probably is not worthwhile, is shown 
in figures 1 and 2. Patients that switched to the combination of 100 
mg metoprolol + 12 . S  mg hydrochlorothiazide underwent a further fall 
in DP of 5 .0  mmHg during two months , those who changed to 200 mg 
metoprolol (Durules ) had a further fall in DP of 8.0 mmHg .  
I n  an earlier , comparable study (van der Veur et al . 1984 ) )  100 mg 
atenolol induced a fall in DP in the first month of 10 .9  mmHg and 
the number of responders was 41 % .  Apparently , after one month 
treatment 100 mg atenolol was more effective than 100 mg metoprolol 
( D. DP 6 .8  nnnHg ; number of responders 19 %) . After two months treat­
ment with 100 mg metoprolol the results are comparable with the 
results of treatment with 100 mg atenolol after one month . Others 
also have reported that 100 mg atenolol is more effective than 100 
mg metoprolol (Scott et al. 1 982) and that the efficacy of 100 mg 
atenolol is comparable with 100 mg metoprolol twice a day (Jeffers 
et al. 1978) or with 200 mg once daily in a sustained release 
formulation (Durules ) (Morley et al . 1983) . 
Addition of 12 .S  mg hydrochlorothiazide in patients not responding 
sufficiently to 100 mg metoprolol reduced SP and DP significantly 
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within one month . Continuation of this regimen for another month 
produced no further fall in SP, DP and HR . The same is true for 
doubling the metoprolol dose to 200 mg , no significant differences 
between these groups being present.  Another month of treatment 
hardly affected SP and DP further . 
Non-responders to the last medication switched to the combination of 
200 mg metoprolol + 25 mg hydrochlorothiazide in a fixed combina­
tion . After one month a small , not significant reduction in SP and 
DP was observed that became significant ( p  < 0 . 05)  after an other 
month . Smilde ( 1983) showed a larger significant fall in SP and 
DP after five weeks treatment with the combination of 200 mg 
metoprolol and 25 mg hydrochlorothiazide in patients that did not 
respond to a five weeks treatment with 200 mg metoprolol . The 
difference is probably caused by the pre-treatment for four 
months in our patients.  
After the first month of treatment there was a clear decrease ( 29 %)  
in hypertension-related complaints. This trend was continued after 
six months . Metoprolol-related complaints increased by 19 % after 
the first month, but had decreased after six months of treatment . In 
an earlier , comparable study (Van der Veur et al . 1985 ) in which 50 
mg and 100 mg atenolol were compared as initial treatment , there was 
a decrease of 34 % in hypertension-related complaints after one 
month treatment . The "atenolol-related" complaints however only 
increased by 8 % .  
In conclusion, this investigation has shown 100 mg metoprolol to be 
an effective antihypertensive drug that should be given for two 
months before adding a low dose of 1 2 . 5  mg hydrochlorothiazide or 
before doubling the dose to 200 mg in a slow release formulation. No 
difference in efficacy nor in number of complaints could be esta­
blished between these two regimens after two months. Changing the 
medication of the last two groups to the fixed combination of 200 mg 
metoprolol + 25 mg hydrochlorothiazide caused a further fall in 
blood pressure . 
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INTRODUcrION TO THE CHAPTERS VIII TROUGH XII 
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In the previous chapters efficacy and side-effects of diuretic 
and beta-adrenoceptor blocking agents ,  either alone or in combi­
nation , have been described . Although these agents exert their 
pharmacological actions in different ways,  their blood pressure 
lowering effect is insufficient in a considerable number of 
hypertensive patients.  Vasodilators are then indicated as an 
addition to the existing treatment (Dollery 1978) . 
Directly acting peripheral vasodilators such as hydralazine, when 
used as mono therapy , are almost obsolete in antihypertensive 
therapy now because of their reflex tachycardia , increase in 
cardiac output and renin activity and sodium retention (Koch­
Weser 1974) . These effects not only reduce the blood pressure 
lowering effect , but also produce serious side-effects such as 
palpitations, headache and oedema . However , in combination with 
beta-blockers and diuretics the reflex tachycardia , the increase 
of cardiac output and renin activity and the sodium retention is 
compensated and this has led to a reappraisal of the role of 
hydralazine in combination therapy with beta-blockers and diure­
tics.  Although not all studies prove this triple combination to 
be effective (Swales et al. 1982) , probably due to differences in 
the dose of hydralazine and the acetylator phenotype of the 
patients , it is generally accepted as a useful and effective 
combination in patients that do not respond to beta-blockers plus 
diuretics (Wilcox et al.  1977 ) . However the use of hydralazine is 
limited to 200 mg daily in slow acetylators and to 300 mg dqily 
in fast acetylators because of an appreciable incidence of drug­
induced lupus erythematosus (Perry et al . 1970) . This problem 
does probably not occur in endralazine-users, but the experience 
with this drug for this indication is fairly limited . 
Other vasodilators that can be used are alpha-adrenoceptor block­
ing drugs ,  but inherent to their mechanism of action , these drugs 
also may cause reflex tachycardia and an increase in plasma renin 
activity .  Clinical studies have indicated that the combination of 
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beta-blockers and aselective alpha-blockers is not always suc­
cessful (Beilin et al. 1972 ; Majid et al. 1974 ) .  
However , prazosin , a specific postsynaptic �, -adrenoceptor 
blocking agent distinguishes itself from the conventional alpha 
adrenergic blocking drugs because it does not induce increases in 
heart rate and plasma renin activity . The drug has shown to be 
effective when used as a single drug , in combination with a 
diuretic and/or a beta-blocker and when added to the combination 
of a diuretic and a beta blocking agent ( chapter 9) . Although it 
has been described that in the treatment of heart failure prazo­
sin may show drug tolerance ,  this is not the case in the treat­
ment of hypertension (Stanaszek et al. 1983 ) .  
A drug that combines in one structure ( though in different iso­
mers) both alpha- and beta-adrenoceptor blocking properties is 
labetalol . The alpha blocking properties are comparable with 
those of prazosin , whereas the beta blocking properties are to be 
compared with those of propranolol , a non-selective beta-blocker 
without intrinsic sympathicomimetic activity . 
Chapter 8 and 9 discuss the position of labetalol and prazosin 
respectively.  
Since vasodilators were introduced in the medication scheme of 
the GHS after the combination of a diuretic and a beta-blocker 
had proven to be insufficient , a comparison was made , as des­
cribed in chapter 10, between the combination of hydrochlorothia­
zide and labetalol and the combination of hydrochlorothiazide , 
propranolol and hydralazine . In this study both drug regimens 
proved to be equally effective and well-tolerated , the labetalol 
combination having the advantage of fewer tablets to take . 
In chapter 1 1  the comparison is described between labetalol and 
hydrochlorothiazide on the one hand and the combination of hydro­
chlorothiazide,  atenolol and prazosin on the other in non-respon­
ders to the combination of atenolol and hydrochlorothiazide . This 
study showed that both combinations are comparable in efficacy 
103 
and side-effects and that it could be argued that these drugs,  
since they correct the haemodynamic disturbances in hypertensive 
patients effectively , might be used in an earlier stage of the 
medication schedule .  
Many chronically used beta-adrenoceptor blocking drugs are known 
for causing cold fingers and feet . Reports about the incidence 
vary greatly , which is largely due to different methods in deter­
mining this side-effect, i . e. differences in the questionnaires 
that are used . The incidence will be higher when certain com­
plaints are clearly asked for (Zacharias 1976 ) than when they are 
reported spontaneously (Prichard et al . 1969 ) . The lack of double 
blind trials with placebo makes judgement of this side-effect 
particularly difficult . Many hypertensives already complain about 
cold fingers and feet before treatment is started (Feleke et al . 
1983) . On theoretical grounds one could argue that because of the 
unopposed alpha effect non-selective beta blocking drugs would 
affect peripheral circulation more than �, -selective block-
ers . Evidence for this is so far not sufficient (Lenders et al , 
1 984) . It may also be assumed that labetalol with its alpha and 
beta blocking properties would cause less peripheral vasocon­
striction than just pure beta blockers .  
I n  chapter 12 an investigation has been described of measuring 
peripheral blood flow by means of photo-electric plethysmography 
on all fingers of one hand after treatment with placebo and with 
three different beta blocking agents : the �, / �2 (non-selec­
ti ve) blocker propranolol , the �1 j ( selective) compound atenolol 
and finally the non-selective alpha- and beta-blocker labetalol .  
In the general discussion ( chapter 13) the findings of the inves­
tigational work are discussed and a strategy based on these 
findings is proposed . 
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Labetalol * (Trandate ® ) • 
Beta-adrenoceptor blocking agents alone or in the combination 
with diuretics have gained widespread use in the treatment of 
essential hypertension . Lab�talol distinguishes itself from these 
drugs because it combines in one molecule both alpha- and beta­
adrenoceptor blocking properties . The combination of alpha- and 
beta-adrenoceptor blockade would antagonize the reflex tachycar­
dia caused by alpha-adrenoceptor blockade which in turn would 
lead to a decrease in peripheral resistance thus producing a cor­
rection of the main haemodynamic disturbance in essential 
hypertension . 
The beta-blocking properties of labetalol are comparable with 
those of propranolol ( Inderal ® ) that is not " �1 -selective" 
and does not show intrinsic sympathicomimetic activity (ISA) . 
The alpha-blocking properties are to be compared with those of 
prazosin (Mini press ® ) , discussed in Geneesmiddelenbulletin 15 ,  
number 18 .  
On an equimolar base the beta-blocking property is  1/6 till 1/4 
compared to that of propranolol ( 39 )  and the activity on alpha­
adrenoceptors 1/10 till 1/6 compared to that of the powerful non­
selective alpha-adrenoceptor blocking agent phentolamine 
(Regitine ® ) ( 7 ) . Since three times as much labetalol is needed 
for the same degree of blockade of the effects of an agonist 
( adrenaline) on alpha receptors as on beta receptors , the ratio 
of the alpha- to the beta blocking properties is estimated as one 
to three(38) . However , this ratio may vary depending on the dose 
and duration of the treatment .  
Both short- and long term treatment with labetalol are associated 
with a lowering of blood pressure , heart rate ( 6 , 18) and pe­
ripheral resistance(22 , 26) , whereas in general the cardiac output 
is hardly affected ( 12 , 21 ) .  Heart rate decreases to a lesser ex­
tent than is usually seen with pure beta-blockers ( 36) . 
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Pharmacokinetics 
Labetalol is well absorbed after oral administration ; peak serum 
levels of the drug are seen after two hours. The drug is subjec­
ted to "first-pass" metabolism, so there is a considerable varia­
tion in bioavailability : 1 1  - 86 per cent . 
Labetalol is bound to plasma protein for about 50 per cent . The 
drug is less lipophilic than most of the other beta-adrenoceptor 
blocking agents and therefore the uptake of labetalol in the 
brain is negligible.  
The drug is  extensively metabolized in the liver by  conjugation, 
the metabolites being mostly inactive ; only five per cent of the 
drug is recovered unchanged from the urine . Metabolism of the 
drug is decreased in patients with hepatic disease , necessitating 
lower dosage. 
Plasma half-life time varies between 3 , 5  and 4 , 5  hours and is in­
dependent of renal function (8 ) . The blood pressure lowering 
effect persists longer than would have been expected from the 
half-life time . This , however , is not an unusual finding in anti­
hypertensive drugs. 
Clinical evaluation 
Oral administration of labetalol. 
Labetalol has proven to be effective in the treatment of all 
degrees of hypertension , alone ( 10 , 18 , 33 , 36)  and in combination 
with other antihypertensive agents . The doses used varied between 
75 mg and 8 g per day ; the average usually being between 500 mg 
and 1 , 2  g per day . 
Continuous monitoring of the blood pressure has shown that labe­
talol produces a fall in blood pressure lasting 24 hours (4 ) . 
In a group of twenty-four patients in whom a satisfactory fall in 
blood pressure had been achieved with the combination of a 
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diuretic , a beta-blocker and prazosine, labetalol was shown to be 
equally effective in eighteen of these patients in doses that va­
ried from 600 mg to 4 , 2  g per day (46) . 
In another study 900 mg labetalol was as effective as 1 , 7 g 1-me­
thyldopa (Aldomet ® ; Sembrina ® ) ( 45) . 
Some studies have shown that labetalol may give fluid retention ; 
though this was absent in others ,  it is advised to combine labe­
talol with a diuretic . The combination of both drugs produces a 
stronger antihypertensive effect than each drug alone ( 1 1 ) . In a 
study of thirteen patients with severe hypertensio�, labetalol 
(average dose 1 , 34 g) combined with a diuretic , was effective in 
ten patients ( 32) . 
In a double-blind trial where the doses of the drugs were titra­
ted against blood pressure decrease , labetalol was as effective 
as propranolol ( Inderal® ) (31 , 36) , also when to both drug regi­
mens a diuretic was added . Similarly, other beta-blocking agents 
such as atenolol (Ternormin® ) ,  metoprolol (Lopresor® , Selokeen®) 
and pindolol ( Viskeen ® ) combined with a diuretic have shown to 
be as effective as labetalol if combined with a diuretic (29) . 
Comparison of the latter combination with propranolol combined 
with hydralazine (Apresoline ® ) and a diuretic , gave the same re­
sults ( SO) . Labetalol has proved to be superior to a regimen of 
oxprenolol (Trasicor ® ) pl us phentolamine ( 17 )  and at least as 
good as pindolol plus hydralazine ( 5 ) . In all these studies the 
usual dosages were applied . In long-term follow-up studies it was 
confirmed that tolerance to labetalol does not develop ( 19 , 20 , 34) . 
Intravenous administration of labetalol . 
Whenever a fast blood pressure lowering effect is desired , labe­
talol can be administered intravenously (42) ; concomitant oral 
treatment with the same drug can be continued under those circum­
stances . The dose used for intravenous administration is between 
1 - 2 mg per kg body weight . Intravenous labetalol was administe-
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red successfully in severe hypertension associated with phaeo­
chromocytoma and clonidine (Catapresan ® ) withdrawal ( 3 , 43) . 
Since the blood pressure lowering effect becomes manifest 1 , 5  - 2 
hours after oral administration , this route might also be used in 
the treatment of hypertensive emergencies . 
Since labetalol given intravenously in doses of 50 mg produces a 
distinct delay in the AV-conduction ( 16 ) , patients with AV node 
disfunction should be treated carefully. 
Side effects 
Some adverse reactions can be predicted based on the pharmaco­
logical properties ; they are generally dose-dependant ( 10 , 15 , 18 ) . 
They appear more often during the first few weeks of treatment 
and seem to be less frequent and serious in doses below 400 mg 
per day ( 36 ) . 
Postural effects tend to occur more frequently when the starting 
dose is high and when dosages of more than 2 g per day are given ; 
the incidence varies widely among patients . Some of the other 
side effects seem to be related to the � -blocking properties of 
labetalol , such as ejaculation disturbances , urinary incontinence , 
congestion of the nose and blurred vision . Others remind of the 
symptoms observed in propranolol users ( vivid dreams , lethargy , 
muscle cramps ) ;  still others seem to be miscellaneous in nature : 
dizziness , gastrointestinal complaints ( including nausea and con­
stipation) .  Tiredness and headache are complaints that are equal­
ly frequent under labetalol as under placebo treatment .The inci­
dentally observed skin rash due to labetalol is probably an al­
lergic manifestation. A peculiar side-effect , possibly due to the 
pharmacological properties of the drug , is piloerection and 
a tingling sensation on the scalp or in the perioral area . 
Neither morphological nor biochemical blood disturbances have 
been reported . Side-effects necessitating withdrawal of labetalol 
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vary from minimal to 22 per cent of patients treated . 
In general, labetalol does not distinguish itself unfavourably,  
in terms of side effects , from drugs that possess exclusively 
beta-blocking properties and that are used in the treatment of 
hypertension (29) . 
Precautions 
In order to minimize the effects of postural hypotension , the 
patient should start therapy with a low dose and preferably take 
the first tablet before going to sleep . 
If complaints suggest postural hypotension , blood pressure mea­
surements should be made with the patient in the standing posi­
tion. 
In patients with disturbed liverfunction the dose of labetalol 
has to be adjusted ; in patients with renal failure no accumula­
tion takes place. 
Since labetalol might cause a slight decrease of glucose toleran­
ce, diabetics have to be controlled carefully . As with conventio­
nal beta-blocking drugs,  ( impending ) heart failure should be con­
trolled with digitalis and diuretic therapy before labetalol is 
administered . 
Although the effect of labetalol on respiratory function seems to 
be slightly less than that of propranolol , the drug is best avoi­
ded where possible in patients with asthma . 
Until recent no teratogenic effects of labetalol are known. 
Dosage 
Labetalol is available in tablets of 100 , 200 and 400 mg . 
For intravenous application injections of 20 ml are available 
containing 5 mg labetalol per ml . 
To limit the number of complaints concerning postural hypotension 
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the starting dose should be twice or three times 100 mg per day .  
I f  there is no sufficient response within two weeks the dose can 
be increased to twice or three times 200 mg per day . It is also 
recommended to start treatment with 200 mg labetalol twice per 
day . If necessary every two weeks the dose can be increased with 
200 mg per day by adding this first to the dose taken in the mor­
ning and subsequently to the evening dose . The effective daily 
dose of labetalol is between 300 and 2400 mg : in mild hyperten­
sion usually between 300 and 600 mg , in moderate hypertension be­
tween 600 mg and 1 , 2  g and in severe hypertension between 1 , 2  and 
2 ,4 g .  
The dose i s  also determined by other concomitant antihypertensive 
medication prescribed to the patient . The addition of labetalol 
to other beta blocking agents is , because of the additive beta­
blocking properties , not desirable. 
Conclusion 
Labetalol has proven to be effective in the treatment of all de­
grees of ( essential) hypertension. Its effect is caused by a si­
multaneous competetive blockade of postsynaptic alpha- and beta­
adrenoceptors . Accordingly , its antihypertensive effect is partly 
explained by a decrease in peripheral resistance. Cardiac output 
and heart rate are modestly diminished or remain unchanged . The 
pharmacological activity of labetalol can be compared with that 
of a non-cardioselective beta-adrenoceptor blocker combined with 
a specific postsynaptic alpha - adrenoceptor blocker such as pra­
zosin . Since that activity resides in different isomers of the 
drug , labetalol in fact is a "fixed combination"-drug , which may 
be considered a disadvantage though it undoubtedly will promote 
patient compliance . 
Another disadvantage is the presence of postural hypotension , 
although in doses under 2 g per day this effect is limited . 
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In the "stepped care programme" treatment of (essential) hyper­
tension patients should start with a limitation of salt intake . 
If this does not result in a satisfactory decrease of blood pres­
sure , step two would be the administration of a beta-blocker or a 
diuretic . There is no general agreement whether a thiazide diure­
tic or a beta-blocker should be the first drug given. There is 
agreement , however , that step three is to combine a beta-blocker 
with a diuretic . 
If the patient does not respond , step four is the addition of a 
vasodilator such as hydralazine or prazosin . Patients not respon­
ding to such a three-drug regimen require further investigation 
in order to control compliance and to exclude secondary hyperten­
sion . 
The position of labetalol in this "stepped care programme" could 
be : - in combination with a diuretic as an alternative for the 
medication of step four,  especially if a limitation of the 
number of drugs is wanted .  
as an alternative for step three, possibly in combination 
with a diuretic 
In situations in which a rapid fall in blood pressure is desired , 
labetalol can be applied intravenously .  
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Prazosin * (Minipress®) 
In general peripheral resistance in essential hypertension is in­
creased ( 3 , 22 , 23) . 
That is why drugs that produce peripheral vasodilation have sig­
nificant therapeutic advantages. Such agents , however , often show 
troublesome haemodynamic side effects such as tachycardia and 
an undue increase of cardiac output ( 2 , 24) , Apart from that they 
stimulate plasma renin activity ( 10) . Vasodilators that cor-
rect the peripheral vasoconstriction , but lack these adverse 
effects are therefore promising ; prazosin , that was introduced in 
the treatment of hypertension a few years ago , might be such a 
drug . 
Prazosin acts as a relaxant of peripheral vascular smooth muscle , 
both at arteriolar and venous sites , by selective and reversible 
blockade of postsynaptic alpha ( �1 )-adrenoceptors ( 6 , 8 , 32 , 37 ) , 
This is in contrast to the older alpha-receptor blocking agents 
such as phentolamine , phenoxybenzamine and tolazoline that block 
presynaptic �2-receptors as well . Due to a positive feed back 
control mechanism, under these circumstances noradrenaline is 
released from the peripheral sympathetic nerve endings,  thus 
causing the unwanted effects as mentioned above . 
Pharmacokinetics 
Prazosin is readily absorbed after oral administration . Approxi­
mately 60 per cent , of the administered dose is absorbed from the 
gut but there is a considerable variation between individual sub­
jects in the peak serum concentration (c  max) and the time to 
peak ( t  max ) , although the pattern of absorption is consistent 
within each individual ( 13) . Peak serum concentrations are attai­
ned within one and three hours after the dosage ( 38 , 39) . The 
effect of food on serum concentrations varies between indivi-
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duals : both increases and decreases of plasma concentrations have 
been reported ( 38 ) . 
Plasma half-lives vary between 2 , 5  and 4 hours.  The blood pres­
sure lowering effect of prazosin persists longer than one would 
expect from the short half-life ; a finding common in other anti­
hypertensive drugs ( 39) . In man , prazosin is bound to plasma pro­
teins for approximately 97 per cent . The drug is metabolized by 
the liver to inactive metabolites ; less than one per cent of the 
unchanged drug is recovered in the urine ( 13 ) . 
Clinical evaluation 
In essential hypertension prazosin in doses varying from 1 , 5  to 
38 mg per day was shown to be effective , either used as a single 
drug ( in cases of mild to moderate hypertension) or in combina­
tion with a diuretic and/or other antihypertensive drugs in mode­
rate to severe cases (4 , 30) . However results of trials about the 
use of prazosin alone not always mutually agree . In patients with 
mild to moderate hypertension (diastolic blood pressure between 
90 and 1 15 mmHg) 3-7 , 5  mg prazosin had a similar effect as 750 mg 
� -methyldopa ( 33 ) . In other investigations no substantial re­
duction in blood pressure was found when using the single drug . 
It has been suggested that fluid retention might be a contributo­
ry factor in patients under poor control on prazosin ( 15 , 19 , 25 ,  
26) . On the other hand , it has been shown that the addition of 
prazosin to one or more other blood pressure lowering agents, 
that are not sufficiently effective by themselves , reinforce the 
antihypertensive response ( 7 , 9 , 25 , 34 ) . 
Furthermore , prazosin was compared with hydralazine in trials in 
which both drugs were added to concomitant antihypertensive the­
rapy . In one of these studies 1 mg prazosin had a similar effect 
as 20-30 mg hydralazine(l4 , 17 ) . Side effects necessitating with­
drawal of treatment were more frequent in patients using hydrala-
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zine . Prazosin usually does not increase heart rate , and if so , 
these increases in heart rate are generally mild to moderate and 
more prominent if the patient is in the erect position . Plasma 
renin activity is not increased by the use of prazosin(l0 , 12 , 18 ,  
23 , 31 ) .  
Side effects 
Postural effects 
The most frequently reported adverse effect is postural hypoten­
sion , occurring within three hours after the dosage. This pheno­
menon is attributed to the decreased return of venous blood to 
the right heart and , as a consquence, a decrease in cardiac out­
put ( 18) . 
Symptoms are dizziness , weakness , sweating , nausea , headache and 
tachycardia. It is mainly observed in the beginning of the treat­
ment , especially after the first dose. However , these effects 
gradually disappear or decrease significantly during treatment , 
even inspite of further increases of the dose. 
Postural effects associated with syncope have been reported in 
0 . 15 per cent of the patients that started with a daily dose of 
3 x 1 mg . Patients treated with a strictly saltless diet or with 
diuretics or other blood pressure lowering agents, such as beta 
blockers , clonidine or � -methyldopa seem to be more susceptible 
to this effect ( 35 ) . It is strongly recommended to start treat­
ment with a low dose and , if necessary , to increase the dose gra­
dually .  Furthermore , it is important for the patient, especially 
in the beginning of the treatment ,  to avoid situations that fa­
cilitate a sudden fall in blood pressure , such as getting up ab­
ruptly or outbursts of physical activity . In general , taking a 
horizontal position is all the patient needs in case of an abrupt 
fall in blood pressure. Car driving should be avoided or at least 
minimized in the initial phase of treatment . 
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Other side effects 
Other side effects that have been reported during prazosin use 
are blurred vision , dry mouth , congestion of the nasal mucous 
membranes , nausea and incontinence . Headache , sleepiness and 
lethargy are well-known ailments during treatment with any anti­
hypertensi ve agent , including placebo . Impotence , repeatedly re­
ported after the use of both beta blocking agents and thiazides 
has rarely been observed in prazosin users.  Peripheral oedema , a 
common side effect of vasodilating drugs has also been noticed 
in prazosin users and so have palpitations albeit , rarely . 
Incidentally , rash and blood eosinophilia were associated with 
the use of prazosin . 
Precautions 
Abrupt and excessive reduction of blood pressure might re-
sult in symptoms of cerebrovascular insufficiency or angina and 
may even precipitate cerebrovascular accidents or myocardial in­
farction . Therefore , in older patients and in patients with 
coronary diseases the dose has to be increased very gradually . 
The concomitant use of nitroglycerine may reinforce the blood 
pressure lowering effect . The treatment with potent antihyperten­
sive drugs is liable to that kind of complications. Several stu­
dies have indicated that prazosin causes no further deterioration 
in renal function in patients with renal functional impairment( l ,  
34) . Although prazosin is metabolized in the liver , elevated 
blood levels of prazosin have been reported in patients with 
chronic renal failure. Possible explanations are a different com­
position of serum proteins , alterations in the proportion of 
fluid- vs . tissue compartments and/or a decreased "first-pass" 
effect in the liver. In these patients dosage increments should 
be made very carefully . 
Prazosin is not to be used in the treatment of hypertension in 
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children under the age of twelve , because little is known about 
disadvantageous effects in this age category . Though teratogenic 
effects due to prazosin have not been reported and the drug was 
well tolerated in pregnant women in combination with oxprenolol 
( 20) , numbers of treated pregnant patients are relatively small 
and it is cautious policy to avoid treatment with prazosin during 
pregnancy ,  if possible . 
Dosage 
Prazosin is available in tablets of 1 mg , 2 mg and 5 mg . As some 
patients experience severe hypotensive symptoms it is advised to 
begin treatment with 0, 5 mg before going to sleep. 
In the course of one week the dose is gradually increased till 
two or three times 0 ,5  mg per day during at least three days . If 
no undesired effects become manifest the dose can be further in­
creased till two or three times 1 mg per day during at least ano­
ther three days ,  the dosage of prazosin then being gradually in­
creased if necessary .  A period of four to six weeks may be requi­
red for the full antihypertensive effect to become apparent , thus 
an adequate time should be allowed before the response may be 
considered optimal and the dose should be increased . Effectivi­
ness of a particular dose will eventually become manifest within 
one to fourteen days. The usual dose range is 3 to 20 mg daily in 
two or three divided doses . If prazosin is added to other antihy­
pertensive treatment the dose of these drugs has to be decreased . 
Conclusion 
Prazosin is an antihypertensive drug that lowers the peripheral 
resistance due to a selective vascular post-synaptic alpha-adre­
noceptor blockade.  
Prazosin was not always efficacious if  used as  a single compound ,  
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but added to a diuretic or a beta-blocker, or to a combination of 
both , it has shown to be an effective blood pressure lowe-
ring agent . Because of possible fluid retention combining prazo­
sin with a diuretic is to be preferred . 
Apart from the severe postural hypotension that occasionally may 
occur after the initial or first few doses and that can largely be 
prevented by starting at low dose, the pattern of side effects 
does not compare unfavourably with that of other antihyperten-
si ve drugs .  
Especially the troublesome compensatory tachycardia of  other va­
sodilators ( if used without beta-blockers ) is very unusual in 
patients taking prazosin . Prazosin does not induce increases in 
plasma renin activity . However , large individual variation in 
sensivity to prazosin requires a careful dose titration in each 
patient . This is especially so in older patients and in patients 
that suffer from coronary insufficiency or moderate to severe re­
nal impairment .  
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Comparison of Labetalol , Propranolol and Hydralazine in 
Hypertensive Out-Patients. 
E. van der Veur 1 , B . S .  ten Berge2 , A .J .M.  Donker2 , J.F. May 2 , and 
H .  Wesseling3 • 
General Practitioner Laboratory1 and Departments of Internal 
Medicine2 and Clinical Pharmacology� Working-group for 
Hypertension , University Hospital , Groningen , The Netherlands. 
Summary. In a randomised cross-over trial the combination labeta­
lol/hydrochlorothiazide was compared with the combination of 
propranolol/hydralazine/hydrochlorothiazide in 34 uncomplicated 
hypertensive patients , who were not satisfactorily controlled 
with nydrochlorothiazide 50 mg alone. The elevated diastolic 
pressure (D . P . )  in 27 patients responded satisfactorily to the 
labetalol schedule and in 28 patients to the propranolol/hydrala­
zine schedule . No difference was found in the rate of decrease of 
D .P . ,  nor in the disappearance of hypertension -related com­
plaints . Although the duration of the washout between treatments 
was at least one month , treatment was significantly more effica­
cious during the second period . Labetalol pre-treatment especial­
ly seemed to enhance the effect of subsequent propranolol/hydra­
lazine adminstration . Side effects due to therapy were rare and 
were not related to any particular treatment . The median daily 
dose of labetalol in responders was 600 mg and that of proprano­
lol/hydralazine 120/60 mg ( in both therapies hydrochlorothiazide 
50 mg was given in addition) ,  Patients showed a slight preference 
for the labetalol medication , It is concluded that labetalol/ 
hydrochlorothiazide and propranolol/hydralazine/hydrochlorothia­
zide are equally satisfactory in the treatment of uncomplicated 
hypertension . 
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Though � -blocking agents will decrease peripheral resistance and 
thus produce a fall in blood pressure , the ensuing reflex tachy­
cardia and orthostatic hypotension precludes treatment of hyper­
tension with this kind of drug . Addition of � -blocking drugs has 
not always been successful (Beilin and Juel-Jensen 1972 ; Majid et 
al. 1974) , in contrast to the combination of musculotropic 
agents , such as hydralazine , and �-blocking agents (Hansson et 
al. 197 1 ;  Zacest et al. 1972 ; Siitonen et al. 1974) . Labetalol , 
5- { l-hydroxy-2 [ ( 1-methyl-3-phenylpropyl)amino ] ethyl } salicyl­
amide, is a unique compound , since it combines � -and � -blocking 
properties in the same molecule (Farmer et al. 1972) , being 4-8 
times more potent at � -than at � -adrenoceptors (Brittain and 
Levy 1976) . In the treatment of hypertension , labetalol has been 
compared with placebo (Kane and Gregg 1976) , with propranolol 
( Pugsley et al. 1976 , 1979 ; Richards et al . 1977 ) ,  with � -
methyldopa (Sanders et al . 1 978) and with bendrofluazide (Dawson 
et al. 1979 ) .  In the present study ,  labetalol/hydrochlorothiazide 
was compared in a randomised cross-over trial with propranolol/ 
hydralazine/hydrochlorothiazide for their effect on uncomplicated 
hypertension in 34 out-patients , who had not responded well to 
diuretics alone . 
Material and Methods 
Patients 
Patients of either sex , aged 21 to 60 years , in whom a diastolic 
pressure (D . P . )  of � 90  mmHg had been found twice at two week 
intervals , and who were only taking hydrochlorothiazide 50 
mg/day , were investigated . Routine investigations (ECG , chest X­
ray , blood chemistry including ANF-measurement) were done , and 
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extended if necessary .  Concomitant diseases requiring intensive 
medical treatment , surgically remediable hypertension and over­
weight �1 30 kg were the criteria for exclusion . 44 patients who 
met the criteria after initial screening entered the study after 
giving informed consent for it , 
Methods 
Blood pressure was measured at 14-day intervals in the Out­
Patient Clinic , using the London School of Hygiene sphygmomanome­
ter . Readings were taken after the patient had been in the supine 
position for 10 min . The D.P.  was taken as complete disappearance 
of the Korotkoff sound . The patients were allocated randomly 
either to the combination of propranolol/hydralazine or to labe­
talol . In addition all patients took hydrochlorothiazide 50 mg/ 
day . If the D .P .  had not fallen below 90 mmHg at the control visit, 
the medication in both groups was increased until either a reading 
lower than 90 mmHg or the maximum dose was obtained (Table 1 ) .  
In the first case,  medication was stopped when at three consecu­
tive visits the D .P .  was less than 90 mmHg . The alternative medi­
cation was initiated only after two consecutive readings of the 
D .P .  had been �1 90 mmHg in the washout period . If this took more 
than two months , the patient was excluded from the study , 
Unsatisfactory control was defined as three consecutive measure­
ments of the D. P .  �I 90 mmHg when the patient was taking the 
maximum dose of one of the two medications,  Then the treatment 
was stopped and the other schedule was started after a washout 
period of a month. Thus , the patient was his own control . Due to 
the variable treatment schedule a single blind design had to be 
followed for practical reasons , 
At the beginning and end of each drug period , side effects were 
recorded by the patients , using a questionnaire ( see Table 6) . 
Differences were tested using McNemar -or binominal test (related 
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Table 1 Medication schedule 
Hydrochlorothiazide ( SO mg) 
Labetalol Propranolol 
3 x 100 mg 3 x 40 mg 
3 x 200 mg 3 x 40 mg 
3 x 300 mg 3 x 80 mg 
3 x 400 mg 3 x 160 mg 
Table 2 Characteristics of patients 
Labetalol 
first 
(n = 18) 
Prop/hydr . 
first 
(n = 16) 
age 
( range) 
21 - 60 






3 x 20 mg 
3 x SO mg 
3 x SO mg 
3 x SO mg 
mean DP (± SD) before 
1st period 2nd period 
98 .6 ± s.s  99 . 1  ± 6 . S  n . s .  
101 . 1  ± 6.6 101 . 3  ± 7 . 6  n . s .  
n . s .  n . s .  
samples ) ,  or the x2- or Fisher exact-probability-tests (indepen­
dent samples) ,  unless reported otherwise ; a difference was consi­
dered to be significant if p was ::::; 0 .05 , two tailed . 
Results 
18 patients started treatment with labetalol and subsequently 
switched to the combination propranolol/hydralazine (PH) , and 16 
patients followed the contrary sequence. 5 patients were excluded 
from the study because they did not reach a D . P .  > 90 mmHg in the 
washout period ; 2 of them had been taking labetalol and the other 
3 PH. 4 patients were excluded for reasons not related to treat­
ment and 1 patient because of serious insomnia . The principal 
features of both groups , including the mean D .P  s. before each 
period are presented in Table 2. No significant differences among 
the data were found (Student ' s  t-test ) .  
Overall , 22 patients responded well to both treatments , 5 to 
labetalol alone and 6 to propranolol/hydralazine alone . One 
patient did not respond satisfactory to either medication . 
As Table 3 shows, labetalol and the combination reduced blood 
pressure to the same extent both in the first and second period 
of the study .  
A D .P .  < 90  mmHg was found in  significantly more patients after 
the switch than before it (Table 4; Fisher ' s  exact test) . Fur­
thermore , those patients who received labetalol first responded 
significantly faster in the second , PH-treatment period (mean 
duration 78 vs 57 days , p < 0.05) . This was not seen in respon­
ders who received PH first ; 78 days of treatment during the first 
period and 89 days during the subsequent labetalol period (Stu­
dent ' s  paired t-test ) .  The daily doses required by individual 
patients differed , the scatter covering the entire dose range, as 
listed in Table 1 .  
The median daily dose in responders was labetalol 600 mg (n  27 ) 
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Table 3 Changes in mean DP (mmHg) 
Period Mean DP ± SD Mean DP ± SD 
(mmHg) 6. (mmHg) (mmHg) 6. (mmHg) 
Labetalol 98.6 - 88 . 2  - 10.4 101 .3 - 87 .4 - 13.9 
(±  5.5) (± 5.4) (± 7.6) (± 4.9) 
Prop/hydr. 101 . 1  -+ 90.6 -10.5 99. l  -+ 86 .8 - 12.3 
(± 6.6) (± 9.6) (± 6.5) (± 2.2) 
Table 4 Numbers of responders and non-responders before and after 
the switch of treatment 
Period I II 
DP (mmHg) 
Labetalol < 90 13 14 
( >  90) (5)  (2)  
Prop/hydr. < 90 10 18 
( >  90) ( 6)  H 
� 
p < 0.01 
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and propranolol 120 mg and hydralazine 60 mg (n = 28) . Signifi­
cant differences in dosage between the two treatment periods were 
not found , either for labetalol or for PH , although in the latter 
category the dose tended to be lower if labetalol had been given 
first . 
There was no correlation between dosages in those patients who 
responded well to both medication (Table 5) . 
Side Effects and Complaints 
A decrease in heart rate was observed during both treatments ,  
which was slightly but not significantly larger in the proprano­
lol/hydralazine group ( 15 . 2  beats/min vs 11 beats/min) .  2 pa­
tients showed a positive ( titre > 1 : 10) anti nuclear factor at 
the beginning of the trial ; one of them (on labetalol) turned 
negative during treatment . On the other hand , 1 patient who was 
negative at the beginning of the trial became positive during it , 
whilst taking labetalol . 
The questionnaire (table 6) revealed that many complaints existed 
before treatment was started both in labetalol and PH groups : 
103 and 107 in 34 patients respectively , i . e .  3 .0  and 3 . 2 .  com­
plaints per patient.  After treatment these complaints were re­
duced to 2 . 6  and 2 . 7  per patient respectively . After the trial 
had finished , no significant difference between the treatments in 
the decrease in all complaints for each patient was found (x2-
test) . Although headache , a major complaint , was significantly 
reduced in the labetalol group and not in the PH group ,  neither 
group differed significantly within itself in this respect , nor 
for any of the other symtoms reported . Dizziness was not corre­
lated with the average difference in systolic pressure between 
the standing and supine positions ; in 4 patients ,  evenly distri­
buted between the 2 groups , this difference was > 15 mmHg : one 
of them was dizzy on both medications ,  and another only on labe-
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Table 5. Dosages in responders to both treatments 
Propranolol 80 120 120 240 480 (mg) 
+ + + + + + 
hyd r .  40 60 1 50 150 1 50 ( mg ) 
Labetalol 
(mg)  
300 xx x 
xx 
600 xx xx x 
xx xx 
900 xx 
1200 x xx x x x 
talol . One patient , who experienced severe insomnia whilst taking 
labetalol, was dropped from the study.  At the end of the trial , 
patients were asked to express their preference for one or other 
of the treatments.  The great majority preferred the medication 
they were taking at that time , although one labetalol-user and 
five PH-users wished to switch to the other treatment .  
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Table 6. Canplaints before and after the t:rffit:nents 
Labetalol Prop./hydr. 
Before After Net change Before After Net change 
Di2Ziness 14 14 16 13 -3 
Headache 17 9 -8 = 13 11 -2 
Dro.siness 8 6 -2 9 7 -2 
Insam:ia 8 6 -2 7 6 -1 
Lepression 4 4 3 4 +l 
Nightnares 2 1 -1 1 2 +l 
Speaking disturbance 1 1 1 1 
-13 -{j 
Sensory functions Vision imJ:aired 3 3 6 4 -2 
Sensory disturl:ance 8 10 +2 10 8 -2 
+2 -4 
Circ.and resp.tr. Tachycardia 1 0 -1 0 0 
Discanfort chest 4 3 -1 6 6 
Di.sJnoea (night) 1 1 2 1 -1 
DySJX!OEB (day) 5 4 -1 5 4 -1 
lo.l1eeting 3 1 -2 3 1 -2 
Ankle edara 3 3 2 3 +l 
-5 -3 
t-btor functioo Chlf � 3 2 -1 2 2 
t1.Js::le \oEBkness 5 3 -2 4 5 +l 
Fatigue 11 12 +l 12 10 -2 
-2 -1 
Mis:ellanerus Nausea 2 3 +l 4 4 
Obstipation 0 1 +l 0 0 
Others 0 0 1 0 -1 
Total 103 87 -16 107 92 -15 
per pat. 3.0 2.6 3.2 2.7 
* p < o.os 
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Discussion 
If anti-hypertensive drugs are to be compared in a cross-over 
study , it is necessary to introduce a washout period of suffi­
cient length . Even though the washout period in the present study 
was between one and two months , five patients had to be omitted 
from the trial because their D .P .  did not rise above 90 mmHg 
during this period . 
Signs of facilitation by the preceding treatment seem to be the 
significantly higher proportion of responders in the second pe­
riod , and the shorter duration of treatment that was required , 
which became only apparent in the labetalol-pretreated group. 
Baroreceptor resetting may take several weeks , but this is not 
known for the period required to return to pretreatment levels . 
Although the underlying cause is open to speculation (and the 
observation may even be an artefact) ,  an important inference from 
the facilitation is that cross-over studies in hypertensive pa­
tients may give false results . 
The median dose of labetalol used in the present trial seems to 
be rather low as compared with the doses used by others (Pugsley 
et al. 1979 ; Pritchard and Boakes 1979 ) ,  but this may be due to 
the fact that a diuretic was also being administered from 
the beginning of the study . In two other studies in which a 
diuretic was given in addition to labetalol (Pugsley et al . 1976; 
Bolli et al . 1976) , the average doses of labetalol were 763 and 
585 mg , respectively ,  which are comparable to what we found . In 
several studies higher doses of labetalol have been employed (up 
to 3200 mg daily; �ritchard and Boakes 1979 ) , but the number of 
side effects has then been sharply increased . The average dose of 
propranolol in Pugsley 1 s  study ( 1976) was 532 mg , in contrast to 
the median dose of 120 mg in the present trial . It is apparent 
that this must be due to the addition of hydralazine. Although 
one patient dropped-out from the trial because of severe insom-
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nia whilst on labetalol , there were no major side effects that 
would lead to preference for one or other therapy . When equipo­
tent doses of propranolol and labetalol are given to hypertensive 
patients , propranolol is expected to reduce the heart rate more 
than labetalol (Richards et al . 1977 ) . Either the effect of 
propranolol on heart rate may have been greater than that of 
labetalol or labetalol , due to its � -blocking property , may 
have been more effective than hydralazine as a peripheral vasodi­
lator , thus causing less reduction in heart rate . Or , the effect 
may have been due to a combination of both actions. 
The results of the present study show that the combination of 
hydrochlorothiazide/labetalol controls diastolic blood pressure 
in uncomplicated hypertensive patients as effectively as a hydro­
chlorothiazide/propranolol/hydralazine-combination. 
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CHAPTER XI 
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A Comparison of Labetalol and Prazosin Combined with Atenolol in 
Non-Responders to Atenolol plus Hydrochlorothiazide in Uncompli­
cated Hypertension 
E. van der Veur1 , B . S .  ten Berge2 , A .J.M.  Donker 2 , J.F.  May2 , 
F .H .  SchuurmaJ and H. Wesseling3 • 
General Practitioner Laboratory1 and Departments of Internal Me­
dicine2 and Clinical Pharmacology3 , Working Group for Hyperten­
sion , University Hospital , Groningen , The Netherlands.  
Sununary. After screening two local populations in the northern 
part of The Netherlands for hypertension , patients with a diasto­
lic pressure (DP) between 95 and 120 mmHg were treated daily 
either with 50 mg hydrochlorothiazide or 100 mg atenolol . Non­
responders were given the combination and if necessary the dose 
of atenolol was increased to 200 mg . Non-responders to the latter 
combination were randomized and treated either with 50 mg hydro­
chlorothiazide and labetalol or with 50 mg hydrochlorothiazide , 
200 mg atenolol and prazosin. If after 1 month a DP � 90 mmHg had 
been reached the patient was reassessed after a further 3 months . 
If a DP > 90 mmHg was found the dose of labetalol or prazosin was 
increased and the patient was re-examined after 1 month . 
This protocol was followed until the maximum dose was reached or 
adverse reactions prevented a further increase in dosage. 
During 6 months of treatment there was a further drop in systolic 
and diastolic blood pressures under both regimens of , respecti­
vely ,  8 .6 and 2 .4 mmHg for labetalol, and 7 . 7  and 5 .0 mmHg for 
the prazosin group .  At the end of the period the average daily 
doses of labetalol and prazosin were 1256 mg and 4 .3  mg , respec­
tively . There was no significant difference in the average number 
of complaints between the labetalol and the prazosin group. 
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Key words : hypertension , labetalol ,  prazosin; hydrochlorothia­
zide,  side effects , therapeutic efficacy ,  atenolol . 
Although there is no general agreement whether uncomplicated mild 
to moderate hypertension should be treated initially with a 
diuretic or a beta-blocker , there certainly is a tendency to 
favour the latter group of drugs.  
At present it  is  common to add a vasodilator to  the drug regimen 
of patients who do not respond to the combination of a beta­
blocker and a diuretic . Amongst the most frequently prescribed 
vasodilator drugs are labetalol and prazosin . Labetalol , in which � 
-and � -blocking properties reside in different isomers (Farmer 
1972) , is 4-8 times more potent at � - than at � -adrenoceptors 
(Brittain and Levy 1976) . 
The beta-blocking properties of this drug are comparable to those 
of propranolol (non-selective ; no intrinsic sympathicomimetic 
activity) ,  and its alpha-blocking properties are comparable to 
those of prazosin ( post-synaptic �1-receptors are blocked) .  
In the present study the combination of 50 mg hydrochlorothiazide 
and labetalol was compared with the combination of 50 mg hydro­
chlorothiazide , 200 mg atenolol and prazosin in patients who had 
not responded to 200 mg atenolol combined with 50 mg hydrochloro­
thiazide. 
Patients and Methods 
In 1980 and 1981 the Groningen Hypertension Service (GHS) perfor­
med screening programmes in Vries, a county in the province of 
Drenthe , and in the Marne area in the province of Groningen. In 
all , some 6005 persons (3015 men and 2990 women) between 25 and 
60 years of age were investigated . The attendance rate of the 
population invited for screening was 67 , 1  % .  
The screening procedure and methods of the GHS have previously 
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been described (Van der Veur et al . 1984) , Initial blood pressure 
readings were taken by specially trained para-medics using an 
autosphygmomanometer , Type SK 2003 . Blood pressure was measured 
between 7 and 10 p .m.  The diastolic pressure (DP) was taken at 
complete disappearance of the Korotkoff sound , with the patient 
sitting . If a DP ;;:: 95 mmHg was found , the measurement was re­
peated by a physician after a rest of 15 minutes in the sitting 
position . If a DP :;;:: 95 mmHg was again found , the patient was 
asked to return after a further week. At the third measurement if 
a DP :;;:: 95 mmHg was established , an appointment with the general 
practitioner was made within 2 weeks . If the DP was still :;;:: 95 
mmHg at the fourth measurement the patient was physically exa­
mined , routine blood chemistry was done and the patient was sent 
to the Hypertension Service for antihypertensive treatment. Pa­
tients whose DP was higher than 120 mmHg were excluded and were 
advised to see an internist.  
If a DP ;;:: 95 mmHg was found on the first visit to the GHS ( Sth 
measurement)  the patient was submitted to the medication schedule 
shown in Table 1 ,  provided that no exclusion criteria were pre­
sent . The latter criteria were serious cardiac impairment ( pump 
failure , recent infarction) ,  systemic diseases such as asthma , 
diabetes requiring drug therapy,  and impaired liver or renal 
function , and pregnancy . 
If satisfactory blood pressure control had been achieved (DP��O 
mmHg) the patient was considered a responder and was asked to 
return for a control visit after 3 months . If not , the following 
step in the medication schedule was prescribed and the patient 
was asked to return after 1 month. Routine blood chemistry was 
done at six months intervals. At every visit a questionnaire 
about important complaints was completed , as was a comprehensive 
list of questions about adverse and side-effects every 6 months .  
Non-responders to 200 mg atenolol and 50 mg hydrochlorothiazide 
were randomly allocated to either the labetalol or the prazosin 
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treatment (Table 1 ) . For the present study subjects from the 
Vries and Marne areas were combined in order to obtain sufficient 
patients in both groups . 
In the labetalol group (n=31 ) the initial dosage of 3 x 100 mg 
(n=lO) was increased during the study to 3 x 200 mg , because rise 
in the mean DP was observed after 3 x 100 mg . 
Differences were tested with Student ' s  t-test unless reported 
otherwise . A difference was considered significant if two-tailed 
p was � O .OS .  
Results 
Fiftysix patients who had followed the medication schedule (Table 
1 )  and were non-responders to the combination of atenolol 200 mg 
and hydrochlorothiazide SO mg/d were randomly allocated to the 
combination of SO mg hydrochlorothiazide and labetalol ( n=31 ) or 
SO mg hydrochlorothiazide , 200 mg atenolol and prazosin (n=2S ) . 
Five patients did not continue the prescribed medication for at 
least 6 months because of action by their general practitioners 
and were dropped from the study ; in the labetalol group 2 pa­
tients switched to prazosin,  1 to � -methyldopa and 1 did not 
wish to take any more drugs. In the prazosin group 1 patient 
switched to labetalol . 
At the time of randomization the average systolic and diastolic 
blood pressures in the two groups did not differ significantly 
(Table 2) . In the labetalol group the DP had risen after 1 month 
of treatment from 96 . 3  ± 3 . 9  to 98 . 1  ± 6 . 9  mmHg , and the diffe­
rence in DP after 1 month between the labetalol and prazosin 
groups was significant (p < 0 . 0S ) . The initial dose of labetalol 
of 3 x 100 mg/d was too low and , later in the study ,  after ten 
patients had started on this dose , it was increased to 3 x 200 
mg/d ( see Discussion) . 
Due to proper dosage titration , there was no longer a significant 
lSl 
Table 1 M:ili.cation schedule 
Vries 
Hydroc:hlorothiazide 50 ng Atenolol 100 ng 
Ateoolol 100 ng Atenolol 100 ng Hydroc:hlorol:h1a2ide 50 ng 
Atenolol 100 ng + Hydrochloroth:l.azide 50 ng 
Ateoolol 200 ng + Hydroc:hloroth:l.azide 50 ng 
Hydrochloroth:l.azide 50 ng + labetalol 3 x 100 ng * Hydrochlorotltiazide 50 ng + Atenolol 200 ng + Praznsin 3 x 0,5 ng 
3 x 2ffi ng 3 x l  ng 
3 x l'.Xl ng 3 x 2  ng 
3 x 40J ng  
3 x 500 � 
3 x OOJ � 
* Later during the stuly the first dose of labetalol was incrEesed to 3 x 200 ng. 
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3 x 3 � 
3 x 4 Ilg 
3 x 5 � 
3 x 6 Ill! 
3 x 7 Ill! 
difference in DP or SP after 6 months , nor in the difference in 
the fall in DP and SP during this period . As a consequence , 
significantly more patients had responded to prazosin than to 
labetalol after 1 month ( p  < 0.01 , Fisher ' s  exact test) , but that 
difference , too , had disappeared after 6 months .  At that time 52 
% of the labetalol users and 58 % of the prazosin users had 
responded satisfactorily and the average daily doses of labetalol 
and prazosin were 1256 mg and 4 . 3  mg , respectively . 
Responses to the comprehensive questionnaire on complaints at the 
first and second half-yearly visits after randomization are pre­
sented in Table 3 .  One patient is missing from the prazosin group 
because he did not attend the second half-yearly visit . Although 
the groups did not differ in the number of complaints recorded at 
the first or second half-yearly visit , there was a significant 
reduction in the average number of complaints ( signed rank test) 
for both treatments between the first and second half-yearly 
visits.  
Discussion 
The arterial blood pressure is mainly determined by the cardiac 
output and the total peripheral resistance. In general in hyper­
tension there is an increase in total peripheral resistance with 
a normal or decreased cardiac output (Birkenhager et al . 1 980) . 
Beta-blocking drugs without ISA do not correct this haemodynamic 
disturbance neither in short-term nor in long-term use ( Lund -
Johansen 1979 , 1980 ; Tarazi 1972) . Thiazides induce a partial 
correction of the haemodynamic disorder by reducing total peri­
pheral resistance (Lund - Johansen 1970) . 
In spite of the fact that prazosin (Lund - Johansen 1974; Masoni 
et al . 1974) and labetalol (Koch 1979 ; Lund - Johansen et al . 
1979 ) ,  as vasodilators, lower blood pressure by correcting the 
haemodynamic disturbances in hypertension , it is not current 
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Table 2 Oiarocteristics of the patients and llB3n blood pressures at randan:ization and after treatllEnt for 1 and 6 nnnths 
M!dication Age Miles FBTBles t-m> SP Mean SP t1?an SP 
at rando- after I after 6 
mization rrooth rrooths 
(anflg) (anflg) (anflg) 
Labetalol 48 ± 9 12 15 148.8 ± 16.9 148.4 ± 14.9 lt.0.2 ± 12.3 
(n=27) 
p < 0.02 
p < 0.05 
Praz.as:in 48 ± 9 18 6 1:0.3 ± 16,8 144.8 ± 16.0 142.6 ± 14.9 
(rr24) 




8.6 ± 17.9 
7.7 ± 16.3 
t-m> IP t-m> IP t-m> IP 
at rando- after I after 6 
mization rrooth rrooths 
(anflg) (anflg) (anflg) 
"·" 3.9 "'·" '·' 1 "·' "·.' 
..__ 0.1 > p > 0.05 
97.5 ± 6.0 
p < 0.05 •
<O.Oll 93.3 ± 7 .6 92.5 ± 5.6 




2.4 ± 6.4 
s.o ± 7.1 
� 
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practice to prescribe these drugs as "first-line" agents . That 
position is currently taken by beta-blockers and diuretics be­
cause they are relatively easy to use and because they are consi­
dered to have a fair efficacy . Further, prazosin and labetalol 
are newer drugs and no long-term clinical studies are available 
to indicate that their use would give a more favourable progno-
sis . 
Prazosin has been used as a single agent (Balli et al . 1976b ; 
Mulvihill - Wilson et al. 1979) , with the addition of diuretics 
( de la Paz et al . 1976) or in combination with beta-blockers and 
diuretics (Hayes et al. 1976; Marshall et al . 1977;  Pitkajarvi 
1977 ) . In the combinations it has been proven effective in pa­
tients with severe or resistant hypertension . Labetalol combines 
in one compound beta-blocking properties comparable to those of 
propranolol and alpha-blocking properties , comparable to those of 
prazosin (Brittain et al. 1976 ; Farmer 1972) . Its efficacy as a 
single agent (Pugsley et al . 1979; Prichard et al . 1979) and 
combined with diuretics (Balli et al . 1976a ; Dawson et al . 1979) 
has been proven. 
Labetalol has been compared with propranolol (Pugsley et al . 
1976) , with the combination of propranolol and hydralazine 
(Midtb0 et al. 1981 )  and with the combination of pindolol and 
hydralazine {Barnett et al . 1978) and was found to be just as 
effective .  This was also the case when hydrochlorothiazide was 
added to labetalol and to the combination of propanolol and 
hydralazine (van der Veur et al . 1982) . 
In the present study a comparison has been made between the 
combination of hydrochlorothiazide (SO mg) ,  atenolol ( 200 mg) and 
prazosin and the combination of hydrochlorothiazide (SO mg) and 
labetalol in patients who had not responded to atenolol ( 100 mg) ,  
to hydrochlorothiazide (SO mg) ,  or to the combination of both 
drugs , even after increasing the dose of atenolol in the combina­
tion to 200 mg . 
1S6 
The blood pressure-lowering effect of the two regimens was almost 
identical after 6 months. The mean fall in DP in this period , 2 . 5 
mmHg and 5 mmHg for the labetalol and the prazosin groups , res­
pectively , was quite small and was only achieved at the cost of a 
considerable increase in the daily tablet consumption. However , 
it should be realized that the patients had been taking antihy­
pertensive treatment for months,  the medication preceding the 
randomization being 200 mg atenolol plus SO mg hydrochlorothia­
zide. The set goal was to reach a DP less than 90 mmHg and during 
these 6 months it was achieved in 52 and 58 %, respectively ,  of 
the labetalol and prazosin treated patients . 
After 1 month there was a significant difference in mean DP 
between the labetalol and the prazosin combination , due to too 
low a starting dose of labetalol. In a previous study ( van der 
Veur et al. 1982) a poor correlation was found between the labe­
talol dose and the antihypertensive response. This led to the 
choice of labetalol 3 x 100 mg daily (in combination with SO mg 
hydrochlorothiazide) as the starting dose . However , as the re­
sults show, the mean DP rose above the level that had previously 
been maintained with atenolol 200 mg ( plus hydrochlorothiazide 50 
mg) . It was decided , therefore , after the mean DP in 10 patients 
has been established after 1 month , to increase the initial dose 
of labetalol to 600 mg/d .  Since non-responders had to revisit the 
GHS each month , the average dose of labetalol was finally in­
creased to about 1200 mg/d after 6 months , by which time the 
number of responders and the mean DP during both regimens no 
longer differed . 
The mean daily dose of about 1200 mg labetalol is consistent with 
the results of many other authors who , using doses of labetalol 
from 300 to 3000 mg/d (Bolli et al . 1976 ; Dargie et al . 1976 ; 
Kane et al . 1976; Prichard et al . 1976) , have found a satisfacto­
ry antihypertensive effect of the drug in all grades of hyper­
tension, the dose depending on the severity of the hypertension 
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and the combination in which it is given. 
Beta-sympatholytic agents are known to antagonize the reflex 
tachycardia induced by alpha-adrenoceptor blocking agents and 
other vasodilators . For this reason it seems logical to combine 
alpha- and beta-adrenoceptor blocking agents in the treatment of 
hypertension. Clinical studies have indicated that the combina­
tion of beta-blockers and non selective alpha-blockers is not 
always successful (Beilin et al . 1972; Majid et al. 1974) . Labe­
talol and prazosin combined with atenolol have proven to be 
effective and to cause little or no reflex tachycardia, due to 
their specific postsynaptic cx1 -adrenoceptor blocking component 
(Brogden 1977 ; Balasubramanian 1979 ) .  
Other alternatives , e . g .  converting enzyme inhibitors and calcium 
antagonists , are not yet in common use in general practice in The 
Netherlands.Perhaps their role will increase considerably in the 
near future . Minoxidil was not considered as an alternative 
because of its side effects , especially in women . 
Postural hypotension , a phenomenon described with these drugs,  
was not seen, probably due to the low starting doses and careful­
ly controlled increments. This is in agreement with earlier 
observations (Prichard et al. 1976 , 1979 ; Turner 1976) . It has 
also been confirmed by our recent work; in another region of the 
province non-responders to beta-blockers plus diuretics were 
started on therapy with labetalol of 3 x 100 mg/d , increased 
after 10 days to 3 x 200 mg . The latter dose in turn was in­
creased after 10 days to 2 x 600 mg , so at the end of 1 month the 
patients were already on a daily dose of 1200 mg labetalol . Out 
of thirteen patients three had to stop medication , and in five 
the dosage had to be adjusted because of gastrointestinal and 
postural complaints. This is in agreement with McAreavey et al . 
( 1984) who compared "third drugs".  In that study labetalol was 
compared unfavourably with hydralazine , prazosin , methyldopa and 
minoxidil. The result was blamed on the high starting dose of 
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800 mg/d in the first month . 
It is concluded that the combination of either 50 mg hydrochloro­
thiazide and labetalol or 50 mg hydrochlorothiazide , 200 mg 
atenolol and prazosin are equally effective and well-tolerated in 
the treatment of uncomplicated mild to moderate hypertension , 
when the patient does not respond to the combination of a beta­
blocker and a diuretic . Because labetalol and prazosin are well 
tolerated and can effectively correct the haemodynamic disturban­
ces in hypertensive patients , it could be argued that these drugs 
might be used in an earlier stage in the medication schedule. 
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Effects of Atenolol , Labetalol and Propranolol on the Peripheral 
Circulation in Hypertensive Patients Without Obstructive Vascular 
Disease 
E. van der Veur1 , B .S .  ten Berge2 , A.A.  Wouda2 , and H. Wesseling: 
General Practitioner Laboratory, Department of Internal 
Medicine� University Hospital and Department of Clinical 
Pharmacology; University of Groningen , Groningen , The Netherlands 
Suuunary .  In an observer-blind , randomised cross-over trial , in 12 
patients , the effects on the peripheral circulation of antihyper­
tensi ve doses of atenolol , labetalol and propranolol and placebo 
were compared .  After a placebo period of at least 4 weeks ,  pa­
tients were allocated at random to one of the three active drug 
treatments. After active treatment for at least 6 weeks and a 
fall in diastolic pressure (DP) to less than 90 mmHg subjects 
were switched to the next medication . At the end of each period , 
photoelectric plethysmography (PHELP) was done on all fingers of 
one hand cooled over 4 min in water in steps of 3 °C from 33 ° to 
12 °C,  and subsequently warmed in room air ( 20 °C) for a period 
of 10 min . Blood flow changes during cooling were expressed as a 
percentage of the initial PHELP value (% PHELP) . Areas under the 
curves , representing the % PHELP/cooling period and % PHELP/war­
ming-up period , showed that within the temperature range normally 
encountered in daily life,  labetalol preserved finger blood flow 
significantly better than propranolol and marginally better than 
placebo . With atenolol , finger blood flow was not significantly 
different from that during the three other regimens , but there 
were significantly fewer other side-effects . It is concluded that 
labetalol may be the drug of choice for hypertensive patients 
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treated with beta-blocking agents whose peripheral arterial cir­
culation seems inadequate at low temperatures . 
Key words : atenolol , labetalol , propranolol ; peripheral circula­
tion , beta-adrenoceptor blocking drugs , finger blood flow. 
Many beta-adrenoceptor blocking drugs are notorious for causing 
cold fingers and feet . The prevalence has varied widely between 
studies,  from 5 % to 30 % (Marshall et al . 1 976 ; Zacharias 1976;  
Wilcox 1980 ; Ohlsson 198 1 ) .  With a aselective blocker , B 1-
blockade will decrease cardiac output and thus diminish periphe­
ral blood flow, whereas B 2-blockade will prevent adrenaline­
induced vasodilation of ( peripheral) muscle vessels,  so that <X -
induced vasoconstriction with prevail .  This is the so- called 
unopposed ex -effect. It might be assumed that both B -blockers 
that preferentially block B 1-adrenoceptors and B -blockers that 
also have ex -blocking properties would cause less peripheral 
vasoconstriction , i . e .  have a less deleterious effect on skin 
blood flow. 
An investigation has now been made of peripheral blood flow after 
treatment with placebo and with three different beta-blocking 
agents : the B l/ B 2  (non-selective) blocker propranolol ,  the B l­
"selective" compound atenolol and finally labetalol , a non-selec­
ti ve � -blocker with additional <X -blocking properties (Brittain 
and Levy 1976) . 
Patients and Methods 
Twelve patients ,  1 female and 11 males , aged 18-60 years ,  with 
mild to moderate hypertension and with no evidence of obstructive 
vascular disease were admitted to the study after having given 
their informed consent to it. Mild to moderate hypertension was 
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defined as a sitting diastolic pressure (DP) of 95-120 mmHg at 
complete disappearance of the Korotkoff sound on at least two 
seperate occasions . 
Patients were asked whether they were bothered by cold and/or 
white fingers and whether such symptoms were common in their 
family . The presence of such symptoms was not a prerequiste for 
entry into the study.  
Reasons for excluding patients from the study were : severe or 
malignant hypertension, psychosis or severe neurosis, any cardiac 
abnormality precluding the use of � -adrenoceptor antagonists , 
acute myocardial infarction within the previous 6 months , bron­
chial asthma , diabetes or other severe hormonal disturbances , 
cerebrovascular accident(s )  or acute hypertensive encephalopathy 
in the last 5 to 6 months , concomitant treatment with any drug 
known to affect blood pressure, overweight by 30 kg or more. Both 
untreated patients and patients who received medication were 
included in the trial ; in both cases placebo was administered for 
a period of at least 4 weeks until DP was ;::::: 95 mmHg . 
Design and observations 
The study was a triple cross-over experiment ; after the initial 
placebo period each active drug was given for at least 6 weeks . 
Allocation of treatment was done according to an incomplete Latin 
square design . Although the patients were not explicity informed 
about the identity of their treatments , they could have guessed 
them since commercially available formulations were used . The 
person who determined the dose knew the identity of the drugs , 
but the observer did not . Wash-out periods between treatments 
were not taken into account . At fortnightly visits , blood pres­
sure was measured in the left arm, using an Erka sphygmomano­
meter , with the patient in the sitting position. A questionnaire 
about complaints and side effects was completed .  The dose was 
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increased on that occasion up to a maximum (Table 1 )  if the DP 
did not fall below 91 mmHg. Patients in whom a satisfactory 
antihypertensive effect was not achieved after the maximum dose 
of the drug had been given continued that dose for further 2 
weeks before switching to the next drug regimen . The dose was not 
increased if the heart rate after standing for 1 min fell to less 
than 50 beats/min. 
Finger blood flow was estimated by photoelectric plethysmography 
(PHELP ; Vasotest , Lode ,  Groningen, The Netherlands) in water ( de 
Pater 1962) . Room temperature was kept at 20 ± 1 °C during the 
experiments. The patient was allowed to acclimatize for a period 
of 30 min ,  after which the right hand was placed in a bath filled 
with water at 33 °C, the patient being kept in the lying posi­
tion . After 10 min base line recordings were made , and subse­
quently every 4 minutes , the fingers were cooled to 12 °C in 
steps of 3 °C . Plethysmograms were recorded at the end of each 3 
°C interval . The wet hand was then allowed to warm in room air at 
20 °C for 10 min , during which a plythysmogram was recorded every 
minute. For each patient the average PHELP-amplitude of 5 fingers 
was calculated at each recording and expressed as a percentage of 
the 33 °C value . 
Plethysmography was done at the end of the placebo period in all 
patients and was repeated at the end of each active drug period . 
In contrast to the adverse reaction data , the run-in period 
results from PHELP were included , since they appeared to vary 
with the drugs used and less with hypertension itself . Computer­
assisted analysis of the areas under the % PHELP/time curves 
(AUC) was done , and the AUCs between 33° and 12° , 30° and 12° 
etc . till between 18° and 12° were calculated . Routine blood 
chemistry and ECG were performed at the end of the placebo period 
and of each drug treatment period . 
Differences were tested using Student ' s  t-test,  unless reported 
otherwise ; a difference was considered to be significant if , two-
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tailed p was < O .OS . 
Results 
The mean doses of the drugs were 62 , 130 and 333mg for atenolol , 
propranolol and labetalol respectively. They induced falls in DP 
of 14. S  ± 4 .8  (mean ±SD) , 12 .5  ± 6 . 7  and 9 . 7  ± 7 .6  mmHg . In the 
doses administered all three blood pressure lowering agents , 
maintained the diastolic pressure below the target pressure of 90 
mmHg , and so these doses have been considered to be comparable in 
maintaining blood pressure control . The areas under % PHELP/coo­
ling time curves , presented in Fig . 1 show that blood flow was 
better preserved during labetalol than propranolol treatment , and 
also , although less convincingly,  than if compared to placebo in 
the pretrial period.  In Table 2 the significances of these diffe­
rences are shown at various cut-off points .  
Similarly , the % PHELP/warming up curve shows that recovery of 
blood flow was better during labetalol than propranolol treat­
ment , and marginally better than placebo . Neither in the cooling­
nor in the warming-up curves could atenolol be distinghuised from 
any of the other treatments ,  including placebo. 
The favourable position of labetalol was not reflected in the 
cumulated number of symptoms (Table 3) related to peripheral 
vasoconstriction . No significant difference in this respect was 
found between atenolol , labetalol and propranolol . Atenolol 
caused fewer central nervous system-related symptoms than labeta­
lol . As far as other unwanted effects are concerned , little 
difference between the active compounds was found , although 
labetalol appeared slightly poorer . Most patients (7/12 ) , having 
been asked which treatment they would prefer , choose atenolol , 
mainly because of the single dosage system. 
One patient had to stop treatment with labetalol after 4 weeks 
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Fig . 1 Blood flow changes during cooling and warming-up at room 
temperature ( 20°C) , expressed as a percentage of the initial 
PHELP value· ••-----• atenolol , o-----o labetalol, 
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Table 1 Dose levels of the drug administered 
Labetalol (mg) Atenolol (mg) 
1 100 b . d .  so o . d .  
2 200 h . d .  100 o .d  
3 400 b . d .  150 o . d .  
4 400 t . i . d .  200 o .d .  
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t ime ! min ) 
Propranolol (mg) 
40 t . i . d .  
80 t . i . d .  
120 t . i . d .  
160 t . i . d .  
Table 2 Comparison of the areas under the curves , during the cooling and 
warming-up periods after placebo ( PL ) , labetalol ( L ) , atenolol ( A )  and 
propranolol (Pro) 
Temp . L-PL L-Pro L-A A-PL A-Pro 
c 30° 0 0 
0 27° 0 0 
0 24° • • 
1 2 1° 0 • 







i 0 • 
n 
g 
O 0 , 05 < p < 0 . 1 ;  I p < 0 .05;  Wilcoxon ' s  mpsr-test , double sided ; 
not significa n t .  
because of a specific complaint : tingling of the scalp and skin . 
Liver function did not change during treatment , whereas renal 
function deteriorated slightly but inconsistently as compared to 
placebo during the various B -blocking periods (Table 4 ) , 
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Pro-PL 
Table 3 Symptoms and signs during the three treatment periods . Related symptoms 
are grouped . Numbers of patients having one or more episodes of that particular 
symptom during treatment are presented 
Atenolol Labetalol 
Central Nervous System 
( d rowsiness,  headache , depression , 
loss of concentration , night-mares , 
feeling irritated ) 
Peripheral Circulation 
(white/blue/cold fingers , cold feet/ 
lowerlegs,  pain in legs during walking 
cramps,  feeling colder) 
Other symptoms 
blurred vision , dry  eyes 8 
muscle weakness, fatique , dizziness 9 
dry mouth , stomach compl.  obstipation 4 
discomfort & pain in chest 2 
miscellaneous :erythema , skin 5 
bleeding , stuffed nose , ankleoedema 
Total 
12 +--- p < 0 , 05 -->  23 
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Table 4 Renal function during the treatment periods compared to placebo 
Atenolol 
Mean /::,. Crea tinine + 5 , 3  
( ±  SD) ( mmol/l) ( 2 , 9 )  
Mean /::,. Ureum + 0 , 96 • 
(± SD) ( mmol/l) ( 0 , 36)  
• p < 0,05;  0 0.05 < p  < 0 . 1  
Propranolol Labetalol 
+ 8 , 0  • + 1 1 , 2  0 
( 2 , 6 )  ( 5 , 8) 
+ 0 , 62 0 + 0 , 16 




In an earlier study , photoelectric plethysmography (PHELP) during 
cooling of the hand was shown to be a useful method for discer­
ning drug effects on the peripheral circulation (Wesseling et al . 
1981 ) . 
The present investigation , using a slightly modified design , 
demonstrated that blood flow during labetalol treatment was bet­
ter preserved than under propranolol , and marginally better than 
under placebo in the run-in period . That the placebo values 
differed little from those of the other 2 � -blockers (although 
they were consistently but not significantly better during war­
ming up) might have been due to a variety of circumstances . Doses 
of the 3 blocking agents were relatively low, and the fact that 
it was the first experience of the patients with a rather unplea­
sant technique may also have biased the results unfavourably 
against placebo . Ireland and Littler (1981 ) ,  using a different 
technique , found that propranolol decreased forearm blood flow, 
but in their experiments a different dose schedule was used and 
their results may reflect action at the peak propranolol level . 
Acebutolol , a more or less selective blocker with some intrinsic 
sympathetic activity ( ISA) , did not reduce forearm blood flow. 
ISA may be important since Ohlsson et al . ( 1981 )  showed that 
replacement of atenolol by pindolol in hypertensive patients with 
cold extremities increased hand blood flow, but addition of 
prazosin had no effect. However , pindolol caused a significant 
increase in heart rate compared to the other two treatments and 
so the effect might have been due to increased cardiac output. 
Steiner et al . ( 1979) found no difference between labetalol , 
propranolol and placebo , but their study was done in cases of 
Raynaud ' s  disease with mild hypertension. Instead of measuring 
blood flow, finger-tip temperature was assessed in a non-tempera­
ture controlled room. Moreover , no dosage titration was done . 
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These circumstances may explain the differences between previous 
results and the present experiments . Heck ( 1981 ) , using venous 
occlusion plethysmography , also demonstrated increased peripheral 
blood flow after the use of labetalol in essential hypertension . 
In our investigation the favourable effects of labetalol , both 
during cooling and warming-up, were not reflected in the subjec­
tive symptoms . This may indicate that the additional � -blocking 
property was mainly important in situations where there are 
sudden temperature changes and that it is less important under 
constant environmental conditions.  
Adverse reactions were most frequently encountered during labeta­
lol treatment , although only significantly so if central nervous 
system-related symptoms were compared to the atenolol period . 
That atenolol gave fewer symptoms arising from the central ner­
vous system was not unexpected , since atenolol does not penetrate 
into the CNS to a significant degree (Cruickshank 1980) . Similar 
results have previously been published in a review (Zacharias 
1976 ) . 
In conclusion , in objective terms the peripheral circulation was 
least affected during cooling if the patient was receiving labe­
talol ; the latter may be the drug of choice if considerable and 
rapid temperature changes are to be expected in the circumstances 
of life of the patient . Some but no serious subjective differen­
ces were found in adverse reactions amongst labetalol , proprano­
lol and atenolol . The latter was the best accepted drug in the 
patients studied . 
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Since hypertension is a powerful contributor to cardiovascular 
morbidity and mortality , it is to be hoped that physicians regard 
cardiovascular catastrophes in their hypertensive patients not as 
first indications to treatment ,  but as medical failures. Essen­
tial hypertension is relatively easily detected and in most cases 
controllable as shown by the work of the Groningen Hypertension 
Service. Provided pharmacological treatment does any good physi­
cians have a great opportunity to reduce cardiovascular morbidity 
and mortality by such a simple and direct medical intervention as 
detection and treatment of high blood pressure . 
In the preceding chapters we have reported on our evaluation of 
drugs nowadays used in general practice for the treatment of mild 
to moderate hypertension. As the cause of hypertension is not 
known and since it is not predictable in which way hypertension 
is finally going to threat the life of a patient , it is hard to 
make a profile of an ideal antihypertensive drug . Apart from 
favourable pharmacodynamic and pharmacokinetic properties , lack 
of side effects and interference with other drugs ,  the search for 
drugs that will have a larger impact on the reduction of cardiac 
mortality will continue. 
Although it is known that patients with mild hypertension taking 
placebo tablets (Australian study ,  1980) might show a reduction 
of their blood pressure to normal levels, we felt that in the 
setting the Groningen Hypertension Service was operating no pla­
cebo period should be introduced . To prevent unnecessary intake 
of drugs the blood pressure had to be elevated five times (DP 
95 mmHg) before drug treatment was started and later on patients 
with a DP between 95 and 100 mmHg had to have at least a risk 
score ratio of two before treatment was started . 
Extrapolation of the findings by Schuurman , as shown in his 
thesis ( 1 985 ) ,  indicates that almost ten per cent of the popula­
tion between 25 and 60 years of age has an elevated blood pres­
sure . The impact of this finding is that a considerable part of 
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the population has to be treated with blood pressure lowering 
drugs and that it is of the utmost importance to investigate 
which drugs are preferable in terms of efficacy and side-effects. 
It should be realized that most of the antihypertensive drugs are 
prescribed by the general practitioner and that the population of 
patients under his responsibility will be different from the 
population of patients treated by specialists in the hospitals. 
We have been able to evaluate antihypertensive drugs in patients 
of which 75 per cent did not take antihypertensive medication 
before ( Schuurman , 1 985 ) .  Since general practitioners often are 
confronted with this group of patients we hope that our studies 
will contribute to an optimal medicinal approach of the treatment 
of hypertension in general practice . 
In the chapters 1 and 2 we have explained why we limited oursel­
ves in the choice of first step drugs to diuretics and beta­
blockers and why atenolol was the beta-blocker we preferred . 
Chapter 3 deals with the dilemma whether treatment should be 
started with a diuretic or a beta-blocker and that the GHS 
changed its policy and decided to start treatment of uncompli­
cated mild to moderate hypertension with atenolol , based on its 
rapid effects.  
Since hypertension is not the only cardiovascular risk factor , 
the level at which treatment of hypertension should be started is 
open for debate . During the course of its activities the GHS 
developed the idea that , after the patients blood pressure had 
been measured three times and a DP between 95 and 100 mmHg had 
been found , other risk factors should be taken into account to 
determine whether treatment should be started or not . Taking a 
risk score ratio of two as the discriminating level for treat­
ment , as we did , was certainly an arbitrary decision . 
In patients with mild to moderate hypertension who are under 
treatment by their general practitioner it is worthwhile to look 
c<itically at the commonly prescribed dose of the antihyperten-
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sive drugs .  This is illustrated in chapter 4 in which 50 mg and 
100 mg atenolol were compared as initial doses. This study shows 
that there is little justification for a starting dose of 100 mg 
atenolol . 
The availability of treatment and its efficacy have little value 
unless such treatment is appropriately prescribed and accepted by 
the patients and their physicians . Compliance constitutes a great 
challenge in effective management of hypertension . Serum level 
determinations may help to find out whether a patient has taken 
his tablets or not . In chapter 5 it is shown that although no 
relationship between serum levels of atenolol and the antihyper­
tensi ve effect could be established , a simple pulse control 
revealed patients with very low atenolol plasma levels , as a 
possible sign of non-compliance , 
All beta-blockers are effective in lowering blood pressure. 
Nevertheless a choice has to be made, and in chapter 2 the GHS ' s  
choice has been argued , what certainly does not mean that other 
beta-blocking drugs would be unacceptable . When we performed a 
screening program in Delfzijl ,  the general practitioners and the 
internists from the local hospital expressed their wish to conti­
nue their usual prescribing of metoprolol . In a subsequent study 
( chapter 6) we described our findings with metoprolol in an 
initial dosage of 100 mg and the comparison between increasing 
the dose ( to 200 mg) or adding a low dose of hydrochlorothiazide. 
The arbitrary division of adverse events in "hypertension-re­
lated" ,  "drug-related" and "other complaints" in that particular 
study gave us a better insight in the relationship disease/drug 
treatment on one hand and unwanted effects on the other . Later on 
we were able to relate these findings to those obtained in our 
atenolol-studies; the latter comparison is discussed here . Table 
1 shows the mean DP and .6. DP and the number of responders before 
and after 1 month treatment with resp. 50/100 mg atenolol (Eelde 
/P 'wolde ;  n = 59) , 100 mg atenolol (Marne ; n = 59) and 100 mg 
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metoprolol (Delfzijl ; n = 131 ) .  Atenolol in the 50/100 mg dose 
seems more effective after one month treatment than 100 mg meto­
prolol . Continuation of the 100 mg metoprolol dose for another 
month increased the number of responders ( 37 %) to the level 
reached with atenolol treatment after one month . Table 2 compares 
the complaints of both drugs after one month treatment in Eelde 
/P 'wolde (atenolol 50/100 mg ; n = 59) and in Delfzijl (metoprolol 
100 mg ; n = 131)  and also after six months treatment in Marne 
(atenolol 100 mg ; n = 32) and Delfzijl (metoprolol 100 mg ; n = 
41 ) .  After one month both drugs show a reduction of hypertension­
related complaints , which became even more prominent after six 
months treatment .  
Drug-related complaints increase after one month , but have de­
creased after six month treatment . Whether this is a true reduc­
tion or just a getting used to complaints and/or the question­
naire is a matter of discussion. 
Table I Mean DP  and b. DP before and after 1 month treatment with resp . 50/1 00  mg atenolol , 
JOO mg atenolol and 100 mg metoprolol and the number of responders. 
Medication Mean DP (± SD) Mean DP (± SD) 6 DP (:tSD) Responders 
before treatment after 1 month 
treatment 
50/1 00 mg atenolol 
Eelde/P'wolde (n=59) 106 . 9  ± 9.8 96. 6  ± 9.5 1 0 . 3  ± 6.9 23 ( 39 %) 
100 mg atenolol 
Marne ( n=59) 105 . 0  ± 6.8  94 . 1  ± 7.5  10.9  ± 8 . 0  2 4  ( 4 1  %)  
100 m g  metoprolol 
Delfzijl (n=l 3 1 )  107 . 7  ± 8 . 3  100.9  ± 9 . 5  6 . 8  ± 7 . 9  2 5  ( 19 % )  
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Table 2 I:e/i.ncrese of canplaints during one IOOllth trml:llelt with resp. 50/HD � atenolol and lCO � rretoprolol 
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Average nunber of 
canplaints per patient 
1 l!Ollth 
Atenolol 50/lCO �etoprolol !CO 
t=O �I (\ t=O �l 
19 - 16 - 3  
19 - 9 -10 
38 - 25 13 
(- 34%) 
0 - 0 0 
9 - 7 - 2 
9 - 7 - 2  
4 - 10 + 6  
19 - 16 - 3 
7 - 7 0 
6 7 + 1 
6 - 8 + 2  
4 - 7 + 3  
3 - 3 0 
4 - 5 + I  
1 - 1 0 
72 - 78  + 6  
(+ 8') 
4 - 2 
7 - 4 
13 - 7 
11 - 11 
3 - 4 
9 - 10 
0 - 1 
3 - 6 
4 - 3 
6 - 5 
- 2 
- 3 
- 6  
0 
+ I  
+ 1 
+ 1 
+ 3  
- 1 
- 1 
flJ - 53 - 7 
(- lZZ) 
2.9 2.6 
30 - 23 - 7  
45 - Xl -15 
75 - 53 22 
(- 2<Jf() 
3 - I - 2  
19 - 12 - 7  
12 - 19 + 7  
6 - 11 + 5  
38 - 57 +19 
11 - 15 + 4  
13 - 5 - 8  
16 - 18 + 2 
7 - 11 + 4  
4 - 2 - 2 
7 - 12 + 5  
4 - 3 - 1 
140 -166 +26 
(+ 19%) 
8 - 8 0 
19 - 13 - 6  
9 - 7 - 2 
17 - 20 + 3 
3 - 4 + I  
21 - 19 - 2  
3 - 1 - 2  
5 - 3 - 2 
15 - 14 - I 
16 - 15 - 1 






Atenolol !CO �etoprolol !CO 
t=O t=6 t:. t=O t=6 • 
10 - 4 - 6  13 - 7 - 6 
8 - 4 - 4  8 - 6 - 2  
18 - 8 10 21 - 13 8 
(- 56%) (- 38') 
0 - I + I  0 - 1 + I  
3 - 2 - l 7 - 4 - 3  
2 - 2 0 4 - 7 + 3 
1 - I 0 2 - 0 - 2 
9 - 5 - 4 13 - 8 - 5 
I - I 0 5 - 6 + 1 
4 4 0 5 3 - 2  
5 - 2 - 3 4 - 0 - 4  
2 - 0 - 2 3 - 3 0 
1 - 2 + l 1 - 1 0 
2 - 0 - 2 1 - I 0 
2 - 2 0 1 - 1 0 
32 - 22 -10 46 - 35 -11 
(- 31%) (- 24%) 
2 - 0 - 2 2 - 2 0 
3 - 2 - 1 6 - 4 - 2 
3 - 3 0 1 - 2 + 1 
3 - 3 0 6 - 9 + 3  
0 - 0 0 0 - 0 0 
4 - 1 - 3 5 - 2 - 3  
0 - 0 0 2 - 1 - 1 
2 - 1 - 1 2 - 1 - I 
2 - 0 - 2  6 - 1 - 5 
3 - 2 - 1 6 - 6 0 
22 - 12 -10 36 - 28 - 8 
(- 45%) (- 22%) 
- 42% - 26'1. 
2.3 1.3 2.5 1.9 
In comparing atenolol and metoprolol in table 1 and 2 it should 
be realized that although the two areas were screened according 
to the same protocol , the populations were different . Altogether 
atenolol seems to distinguish itself favourably from metoprolol 
in the doses used . 
If the patient does not respond to the combination of a beta­
adrenergic blocker and a diuretic , there is general agreement 
that a vasodilator drug or an alpha-adrenergic blocker should be 
added . This step care approach allows the logical use of optimal 
doses of drugs,  because excessive side effects or toxicity , which 
limit the use of these agents as monotherapy may be avoided . The 
most widely used vasodilating drug is hydralazine . Below doses of 
200 mg daily the lupus syndrome induced by this drug is not 
frequently encountered . Alpha-adrenergic blocking drugs represent 
an alternative to direct vasodilators and can also be used in a 
triple drug regimen. Labetalol , a non-selective beta-adrenergic 
antagonist that also possesses selective post-junctional alpha­
adrenoceptor blocking properties and prazosin , a selective post­
junctional alpha-adrenoceptor blocking drug are discussed in 
resp.  chapter 8 and 9 .  In chapter 10 the combination of hydro­
chlorothiazide and labetalol is compared to the combination of 
hydrochlorothiazide,  propranolol and hydralazine . In this cross­
over study we found both combinations equally effective , but 
labetalol seemed to render the patient more sensitive for the 
alternative treatment than vice-versa , indicating the importance 
of wash-out periods in cross-over trials. Side effects were not 
embarrassing in either group and that is in accordance with the 
results of other studies . However , in a comparative study of 
third step drugs in patients whose blood pressure remained uncon­
trolled by 100 mg atenolol plus 5 mg bendrofluazide,  McAreavey et 
al. ( 1984) showed that labetalol distinghuished itself unfavoura­
bly from hydralazine , prazosin , methyldopa and minoxidil as to 
its side-effects . In this controlled prospective study hydrala-
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zine was in general the most suitable third drug , with prazosin 
as a close second , the latter being slightly less satisfactory in 
terms of frequency of side-effects and also because it causes , in 
contrast to labetalol , mild orthostatic hypotension. The problems 
encountered with labetalol in this study probably resulted mainly 
from the high starting doses (400 mg twice daily) used immediate­
ly after discontinuation of atenolol and from fast two weekly 
dose increments to a maximum of 3200 mg daily.  
In chapter 1 1 ,  in which a comparison is made between labetalol 
plus hydrochlorothiazide and prazosin combined with atenolol and 
hydrochlorothiazide in non-responders to atenolol plus hydrochlo­
rothiazide , we registered no difference in efficacy and side­
effects between both drug regimens . From this study it is clear 
that in non-responders to 200 mg atenolol plus 50 mg hydrochloro­
thiazide replacement of the atenolol dose by 3 x 100 mg labetalol 
is not sufficient . In such a situation the starting dose should 
be 3 x 200 mg daily . This initial dose should not be increased 
during the first month since otherwise side-effects might in­
crease sharply . This is in agreement with McAreavey as mentioned 
above and with our own experience ( see discussion in chapter 1 1 ) .  
Although both labetalol and prazosin are effective and well-tole­
rated in hypertensive patients, they both have to be titrated 
carefully . Further, the b , i , d ,  or t . i . d ,  dosage schedule is 
disadvantageous, compared to diuretics and other beta-blockers . 
Many beta-adrenoceptor blocking drugs are known to cause cold 
fingers and feet, In chapter 12 a quadruple cross-over study in 
hypertensives is described that compares peripheral blood flow 
after treatment with placebo and with three different beta-block­
ing agents : the �1 / P2 ( non-selective) blocker propranolol , the P1 
"selective" compound atenolol and finally labetalol , a non-selec­
tive beta-blocker with additional alpha-blocking properties . In 
this study is shown that in equihypotensive dosages labetalol 
preserved blood flow in the natural temperature range signifi-
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cantly better than propranolol and marginally better than place­
bo. With atenolol , finger blood flow was not significantly diffe­
rent from that during the three other regimens .  This is in agree­
ment with the results of "Lenders and Thien ( 1 984) .  These authors 
reviewed studies on the influence of non-selective and selective 
beta-blockers with and without intrinsic sympathicomimetic acti­
vity (ISA) on the complaints of cold fingers and feet,  They 
conclude that there is no sufficient evidence to support the idea 
that "cardio-selectivity" or ISA will improve these complaints 
and that accordingly, it is not to be expected that complaints 
about cold hands and feet will decrease or disappear after a 
switch from a non-selective to a Bl -selective or a partially 
agonistic beta-blocker . From our study it is concluded that 
labetalol may be the beta-blocker of choice in those hypertensive 
patients whose peripheral arterial circulation seems inadequate 
at low temperatures . 
The results of these trials that have compared efficacy , toleran­
ce and dosages of commonly prescribed antihypertensive drugs in 
general practice may help the doctor to optimize his prescribing 
in patients with hypertension . Nowadays , with so many effective 
drugs available , more attention should be given to differences in 
their effect on the quality of life. Especially the newer drugs 
such as converting enzyme inhibitors and calcium antagonists 
should be compared in this respect with the drugs mentioned in 
this thesis .  Until more is known about this comparison the fol­
lowing step-wise approach in the treatment of uncomplicated mild 
to moderate hypertension is advised : if after at least three 
blood pressure measurements , preferably at different days ,  the DP 
( phase V) is still above 100 mmHg , antihypertensive treatment 
should be started . If at the third measurement the DP is between 
95 and 100 mmHg other risk factors should be taken into account 
for judging the composite cardiovascular risk profile which might 
be done with the determination of a risk score ratio . If this 
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ratio is above two , we would suggest antihypertensive medication . 
Control visits should take place every month if the DP is above 
90 mmHg , otherwise the patient could be advised to return after 
three months . If the DP is above 100 mmHg at a control visit the 
next step in the medication schedule should be prescribed , how­
ever if a DP is found between 90 and 100 mmHg one could continue 
the same drug for another month before moving to the next step.  
Generally,  a cardioselective beta-blocker is  advised as  first 
step ; we suggest 50 mg atenolol o . d .  The second step is an in­
crease of this dose to 100 mg . The third step consists of the 
addition of 25 mg hydrochlorothiazide.  If no sufficient effect is 
obtained , the addition of a vasodilating drug is advised as step 
4. This could be hydralazine in a starting dose of 20 mg t . i . d ,  
The maximum total daily dose should not exceed 200 mg . Another 
possibility is prazosine . The first dose of 0 , 5  mg should be 
given before going to sleep,  continued by 0 , 5  mg t , i . d .  If no 
sufficient effect is seen at the control visits , the dose can be 
increased from 3 x 1 mg till 7 x 1 mg each day . The third possi­
bility is labetalol in a starting dose of 3 x 200 mg , increased 
if necessary by steps of 300 mg till a maximum dose of 3 x 600 mg 
daily is attained . If labetalol is chosen in step 4, atenolol 
should be stopped .  
At  least once a year routine blood chemistry should be  performed 
and if diuretics are involved , serum potassium and deterioration 
of glucose tolerance should be checked . It goes without saying 
that always attention should be paid to general measurements such 
as : salt restriction , the reduction of overweight and stop 
smoking cigarettes .  
I n  conclusion we may say , as shown in this thesis,  that the GHS 
provides the general practitioner and his hypertensive patients 
with a treatment model and a medication schedule that is based on 
the results of studies performed in that particular population. 
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PATIENTEN MET HOGE BLOEDDRUK IN DE HUISARTSPRAKTIJK 
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Dit proefschrift omvat een aantal onderzoeken betreffende de ef­
fectiviteit en bijwerkingen van antihypertensiva , uitgevoerd 
binnen het kader van de activiteiten van de Stichting Hyperten­
siedienst Groningen . Bij deze activiteiten stond de ontwikkeling 
van een model voor de opsporing en behandeling van hypertensieven 
in de huisartspraktijk centraal. Dit betekende dat wij ons in de 
keuze van de antihypertensiva moesten beperken tot de gangbare 
middelen . Bovendien moest de last die ons onderzoek voor de 
patient met zich mee zou brengen minimaal zijn. Desalniettemin 
konden wij een aantal praktische vragen waarmee ook de huisarts 
in het stapsgewijs opgebouwde medicatieprotocol werd geconfron­
teerd aan een nader onderzoek onderwerpen . 
Hoof dstuk 1 gaat eerst kort in op de gevolgen van hoge bloeddruk 
en de f aktoren die het ontstaan van hoge bloeddruk kunnen bevor­
deren . Hierna wordt overwogen welke bloeddrukwaarden aanleiding 
zouden moeten geven tot het instellen van een medicamenteuze 
behandeling en wat de streeftensie bij het geven van de medica­
menteuze therapie dan moet zijn.  Vervolgens is ingegaan op de 
keuze van de middelen die men in eerste instantie ter behandeling 
van hoge bloeddruk zou kunnen voorschrijven . 
In hoofdstuk 2 wordt ,  nadat het werkingsmechanisme en de eigen­
schappen van de verschillende beta-blokkers zijn beschreven , 
gemotiveerd waarom de Groninger Hypertensiedienst de keus heeft 
laten vallen op atenolol . 
Hoof dstuk 3 beschrijf t een vergelijkend onderzoek naar de ef f ec­
ti viteit en de bijwerkingen van 100 mg atenolol en 50 mg hydro­
chloorthiazide en maakt duidelijk waarom wij op een gegeven 
moment de antihypertensieve behandeling niet meer lieten beginnen 
met een diureticum maar met een beta-blokker . 
Hoofdstuk 4 vergelijkt de werking van een dagdosis van 50 mg 
atenolol met die van een dagelijkse dosis van 100 mg atenolol . De 
ervaring heeft geleerd dat verschillende nieuwe geneesmiddelen in 
eerste instantie veelal in te hoge doseringen worden geadviseerd.  
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Bovendien was door anderen reeds geconstateerd dat niet alleen 
een antihypertensieve therapie met 1 00  mg atenolol effectief kon 
zijn maar ook die met 50 mg atenolol . Dit is door ons in dit 
onderzoek bevestigd . 
Uit het onderzoek beschreven in hoofdstuk 5 blijkt dat er een 
slechte correlatie bestaat tussen de serum atenololspiegel en het 
bloeddruk verlagend effect . De correlatie tussen de serum ateno­
lolspiegel en de afname van de hartfrekwentie is gering . Echter , 
bedraagt de hartfrekwentie meer dan 70 slagen per minuut v66r 
dat met de therapie begonnen is en valt geen afname van de hart­
frekwentie tijdens atenololgebruik te constateren , dan warden 
slechts zeer lage atenololspiegels gemeten . Dit betekent dat bij 
de meerderheid van de patienten door eenvoudig de polsf rekwentie 
te controleren voldoende vastgesteld kan warden of de tabletten 
al dan niet ingenomen zijn . 
Alhoewel de Greninger Hypertensiedienst de keus van de beta­
blokker heeft laten vallen op atenolol , zijn er andere beta­
blokkers beschikbaar die evengoed toegepast zouden kunnen warden , 
In de gemeente Delfzijl gaven huisartsen en specialisten er de 
voorkeur aan door te gaan met het bij hen gangbare metoprolol , 
Dit stelde ons in staat om de effectiviteit en het klachtenpa­
troon van 100 mg metoprolol te bestuderen en tevens een vergelij­
king te maken met atenolol(hoofdstuk 6) . Ook werd in dit hoofd­
stuk bekeken in hoeverre de voorkeur rnoet warden gegeven aan een 
verdubbeling van de dosis metoprolol of aan de toevoeging van een 
lage dosis ( 1 2 , 5  mg) hydrochloorthiazide bij patienten die een te 
geringe bloeddrukdaling laten zien op 100 mg metoprolol . 
Hoof dstuk 7 vormt een inleiding voor de hoof dstukken 8 tot en met 
12 en beschrijft waarom bij een onvoldoend bloeddrukverlagend 
effect van de combinatie beta-blokker en diureticum, de direct 
werkende vaatverwijder hydralazine of de selectieve postsynapti­
sche- �, -blokkerende stof prazosine toegevoegd kan warden . Aan­
gezien labetalol in een structuur niet-selectieve beta-blok-
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kerende en selectieve postsynaptische- �1 -blokkerende eigen­
schappen combineert , kan dit middel de combinatie van een beta­
blokker met prazosine of met hydralazine vervangen , 
De hoofdstukken 8 en 9 geven de plaats aan van respectievelijk 
labetalol en prazosine bij de behandeling van hypertensie . 
Hoofdstuk 10  beschrijft in een gerandomiseerd cross-over onder­
zoek , de vergelijking van de combinatie van hydrochloorthiazide 
en labetalol met de combinatie van hydrochloorthiazide , proprano­
lol en hydralazine. 
In hoofdstuk 11 wordt bij patienten bij wie de bloeddruk niet 
voldoende daalde op de combinatie van 200 mg atenolol en SO mg 
hydrochloorthiazide de combinatie hydrochloorthiazide en labeta­
lol vergeleken met de combinatie hydrochloorthiazide, atenolol en 
prazosine, 
Aangezien veel patienten met hoge bloeddruk die behandeld werden 
met beta-blokkers klagen over koude handen en voeten , hebben we 
in een gerandomiseerd cross-over onderzoek , zoals beschreven in 
hoofdstuk 12 ,  m . b , v ,  afkoelingsplethysmografie de invloed op de 
perifere circulatie onderzocht van een placebo , de niet-selec­
tieve beta-blokker propranolol , de �1 -selectieve blokker ateno­
lol en labetalol , zijnde een stof met niet-selectieve beta­
blokkerende en selectieve postsynaptische- �1 -blokkerende eigen­
schappen, 
In hoofdstuk 13 warden de resultaten van de beschreven onderzoe­
ken geevalueerd ,  Hierop volgen enige aanbevelingen voor een 
"stepped-care" programma voor de bestrijding van hypertensie in 
de huisartspraktijk.  Nieuwere antihypertensiva (calciumantagonis­
ten , ACE-remmers )  zouden met de nu aanbevolen middelen in een 
gerandomiseerd onderzoek binnen het eerste echelon vergeleken 
moeten warden. Een dergelijke vergelijking kan zeer wel warden 
uitgevoerd binnen het kader van de werkzaamheden van een hyper­
tensiedienst , 
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